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(57) A fuel reforming apparatus comprises a liquid 
feed heating portion (1), an evaporation portion (2), a 
steam superheating portion (3) t a reforming portion (4), 
a shift reaction portion (4a), a CO oxidization portion 
(5), a catalytic combustion portion (6), and a heat recov- 
ery portion (7). These portions (2, 3, 4, 4a, 5, 6, 7) are 
constituted by flat plates provided with heat-transfer fins 
(27) in the interior and are stacked into integral struc- 
ture, thereby obtaining a temperature distribution along 
a stacked direction so that the temperature of the 
respective flat plate element becomes a temperature 
suitable for reforming, combustion, evaporation, shift 
and CO oxidization. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention speed 

The present invention relates to a fuel reforming 
apparatus which is employed, for example, for generat- 
ing hydrogen necessary for portable fuel cells for gen- 
eral power supply or necessary for fuel cells to be 
mounted in electric automobiles and converts alcohol 
material or hydrocarbon material to hydrogen-rich, 
reformed gases. 

Description of the Related Art 

In the conventional kind of fuel reforming appara- 
tus, there is, for example, the isothermal reactor module 
of BPS (Ballard Power Systems Inc., Canada) which is 
suitable for methanol steam reforming reaction, dis- 
closed in Japanese Patent Laid-Open No. 6-507145. 
Fig. 20 is a rough schematic view of a fuel reforming 
apparatus provided with an isothermal reactor module. 
In the figure, 50 is an isothermal reactor module, 51 a 
heat recovery module, 52 a methanol tank, 53 a water 
tank, 54 a heat-transfer fluid reservoir, 55 a heat-trans- 
fer fluid heater, 58 a reforming reaction passage, 58' a 
reformed-gas passage, 59 a methanol evaporation pas- 
sage, 59' a methanol liquid heating passage, 60 a water 
evaporation passage, 60' a water liquid heating pas- 
sage, 61 a heat-transfer fluid passage, 62 a supplied- 
fuel burner, and 63 a steam superheating passage. 

The operation of the fuel reforming apparatus of 
this type will now be described. The heat recovery mod- 
ule 51 supplies methanol and water from the tanks 52 
and 53 to the methanol liquid heating passage 59' and 
the water liquid heating passage 60' with pumps P1 and 
P2, respectively. The methanol and water are preheated 
with the reformed-gas passage 58 by the high-tempera- 
ture reformed gases that come from the isothermal 
reactor module 50. 

The preheated methanol and water are guided to 
the methanol evaporation passage 59 and the water 
evaporation passage 60 of the isothermal reactor mod- 
ule 50, in which they are heated and evaporatiod by the 
heat-transfer fluid passing through the heat-transfer 
f iuid passage 61 . The heat-transfer fluid is sent from the 
heat-transfer fluid reservoir 54 to the heat- transfer 
heater 55. In the heat-transfer heater 55, the heat-trans- 
fer fluid is heated by the supplied-fuel burner 62. 

After heated, the heat-transfer fluid is sent to the 
isothermal reactor module 50 and used as heat sources 
of evaporation and reforming reaction. Thereafter, heat- 
transfer fluid is returned to the reservoir 54 and again is 
circulated to the heat-transfer fluid heater 55 by a pump 
P3. Methanol and water are mixed together after evap- 
orated in the methanol evaporation passage 59 and the 
water evaporation passage 60, and the mixture is sup- 



plied to the steam superheating passage 63, in which rt 
is heated up to an optimum temperature of reforming 
reaction. The heat necessary for evaporation and heat- 
ing is supplied by the heat-transfer fluids passing 

5 through the steam passages 59 and 60 and through the 
heat -transfer fluid passages 61 provided on both sides 
of the steam superheating passage 63. 

Thereafter, steam comprising the heated methanol 
and water is supplied to the reforming reaction passage 

io 58 of the isothermal reactor module 50, and by using an 
appropriate reforming catalyst (e.g., catalyst of Cu-Zn), 
the endothermic reaction of methanol steam 

(CH30H + H20 -> 3H2 + C02) 

75 

is performed. The heat necessary for the reforming 
reaction is supplied by the heat-transfer fluids passing 
through the heat-transfer fluid passages 61 provided on 
both sides of the reforming reaction passage 58. 

20 Thereafter, the reformed gases are sent to the heat 
recovery module 51 , and the gases are cooled down to 
a suitable temperature (usually 100°C or less) for being 
supplied to fuel cells, by the heat exchange between the 
reformed gases and methanol -water. 

25 A plan view of this isothermal rector module 50 is 
shown in Fig. 21, a plan view of a heat-transfer fluid 
plate is shown in Fig. 22, and a partial exploded side 
view is shown in Fig. 23. In the figures, 61 is a heat- 
transfer fluid passage, 61' a heat- transfer fluid passage 

30 plate, 31 a sealing sheet, 27 a heat- transfer fin, 66 a 
baffle plate, 67 a housing (shown by hatching in the fig- 
ures), and 33 a reforming catalyst. The isothermal reac- 
tor module 51 is constituted by the sealing sheet 31, 
baffle plate 66 with heat-transfer fins 65, housing 67 

35 enclosing substantially the circumference of a heat- 
transfer surface, and heat-transfer fluid passage plate 
6V having the heat-transfer fluid passage 61 interiorly. 

As shown in Fig. 22, an array of parallel passage 
grooves provided in the interior of the heat-transfer fluid 

40 plate 6T are arranged with a pattern in which outgoing 
passages and incoming passages alternately appear, 
and the grooves form the heat-transfer fluid passage, 
thereby averaging the temperature distribution within 
the surface of the heat-transfer fluid plate. The heat of 

45 the heat-transfer fluid is transferred through the heat- 
transfer fins 27 to the reforming catalyst 33, whereby the 
heat necessary for reforming reaction is supplied. 

The baffle plate 66 fills the heat-transfer fins 27 with 
the reforming catalysts 33, also forms a meandering or 

so labyrinthine passage, and allows the reformed gases to 
pass through the passage. As shown in the plan view of 
Fig. 21 , the heat-transfer fins 27 form a plurality of con- 
centric, arcuate walls on the baffle plate 66. This 
increases the velocity of the reformed gases at a prede- 

55 termined space speed, and consequently," the thickness 
of the boundary layer along the wall of the passage is 
reduced, the heat transfer from the wall to the reformed 
gases is accelerated, and the methanol reforming rate 
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is enhanced. 

in the case where reformed gases are generated by 
methanol steam reforming reaction and a solid polymer 
type fuel cell is operated, the reformed gases contain a 
large amount of carbon monoxide (CO) which poisons 
the electrode catalyst of the fuel cell and therefore 
reduces the cell life, so there is a need to reduce the 
concentration of the CO in the reformed gases to about 
10 ppm. 

As the conventional kind of fuel reforming appara- 
tus, a method and apparatus for selectively oxidizing the 
carbon monoxide present in a hydrogen-containing gas 
mixture, proposed by the aforementioned BPS incorpo- 
ration, is disclosed in Japanese Patent Laid-Open No. 
7-502205. In this method of oxidizing carbon monoxide 
(CO), oxygen or an oxygen-containing gas mixture is 
introduced at locations on the way to the latter portion of 
the isothermal reactor, and CO is oxidized to carbon 
dioxide, thereby reducing CO concentration. A cross 
sectional view of the selective oxidizing reactor of this 
invention is shown in Fig. 24. In the figure, 69 is a fin 
block, 70 an air distribution plate, 72 a reformed gas 
inlet portion, 73 a reformed gas outlet portion, and 74 a 
plurality of secondary air inlet portions. 

In this oxidization method of CO, a primary amount 
of oxygen-containing gases (for example, air) are 
premixed into reformed gases (gas mixture containing 
hydrogen, C02, and CO) and are guided to the inlet 72 
of the selective oxidizing reactor. Then, the reformed 
gases are contacted with the catalyst in the selective 
oxidizing reactor to promote the oxidization of CO, and 
a further amount of oxygen or an oxygen-containing 
mixture is introduced into the reaction chamber through 
a plurality of secondary air inlet portion. 

The selective oxidizing reactor is constituted by the 
fin block 69 contacting the air distribution plate 70. The 
fin block 69 has a plurality of heat-transfer fins extending 
from the bottom portion to the direction of the air distri- 
bution plate, and the heat-transfer fins are joined with 
the air distribution plate to form a meandering or labyrin- 
thine channel therebetween. 

The bottom portion of the fin block 69 includes heat- 
transfer fluid passages 61 for supplying heat to the inte- 
rior of the selective oxidizing reactor or removing heat 
from the selective oxidizing reactor. The carbon monox- 
ide (CO) concentration distributor! of the selective oxi- 
dizing reactor obtained by this oxidization method of CO 
is shown in Fig. 25. For the CO concentration distribu- 
tion without secondary air, the carbon monoxide (CO) 
concentration increases significantly at some point 
along the passage through the reactor, as indicated by 
a solid line in Fig. 25. 

It is believed that this increase is due to the effect of 
reverse shift reaction 

(H2 + C02 -+ CO + H20). 

The addition of secondary air along the pathway signifi- 



cantly reduces the CO concentration (as indicated by a 
two-dotted line in Fig. 25), and a low CO concentration 
of about 10 ppm is shown at the outlet. 

In another conventional fuel reforming apparatus, 

5 there is, for example, a fuel reforming apparatus which 
suppresses the CO concentration in reformed gases to 
a relatively lower level, as disclosed in Japanese Patent 
Laid-Open No. 7-126001. The structure of this fuel 
reforming apparatus is shown in Fig. 26. In this appara- 

w tus, an evaporation portion 75, a reforming- shifting por- 
tion 76, and an oxidizing- removing portion 77 are made 
as stacked structures of an evaporating layer 78 and a 
heating layer 79, a reforming-catalyzing layer 80 and a 
heating layer 81, and an oxidizing -catalyzing layer 82 

is and a heating layer 83, respectively, and are integrally 
connected along with a combustion portion 84. 

This structure is capable of reducing the size of the 
apparatus compared with the aforementioned conven- 
tional apparatuses, also suppressing the thermal loss of 

20 the heat-source gases generated in the combustion 
portion 84, and making efficient use of heat In the 
reforming-shifting portion 76, the CO concentration in 
reformed gases is suppressed, and even at the oxidiz- 
ing-removing portion 77, the remaining CO concentra- 

25 tion is reduced down to approximately 100 ppm at the 
CO concentration level that is supplied to fuel cells,-. 

The CO concentration control means of the reform- 
ing-shifting portion 76 controls the amount of the heat- 
source gases from the combustion portion, which is 

30 introduced into the reforming-shifting portion 76, in cor- 
respondence with the CO concentration in reformed 
gases, and varies the temperature distribution within the 
reforming-catalyzing layer to vary the ratio of a reform- 
ing reaction region and a shift-reaction region, thereby 

35 adjusting the CO concentration of reformed gases. 

Also, as described in Japanese Patent Laid-Open 
No. 7-335238, a stacked plate type fuel reforming appa- 
ratus has been provided as another conventional fuel 
reforming apparatus. This apparatus is provided with a 

40 reforming reaction portion, a partial oxidization-reaction 
portion, and a catalytic combustion portion. In this appa- 
ratus, the stacked structure of the fuel reforming appa- 
ratus, the operation method relative to load variation 
when the apparatus is started and operated, the vapor- 

45 ization method of liquid fuel, the integral structure 
between the reforming apparatus and a fuel cell, the 
mixing method of fuel and air, and the flow adjusting 
means of the material gas that is supplied to the reform- 
ing portion are described. 

so In addition, to improve the workability and produci- 
bility of the apparatus, the elements forming the appara- 
tus are constituted by flat plate elements employing 
heat-transfer fins. Furthermore, as described in Japa- 
nese Patent Laid-Open No. 5-319801, in the name of a 

55 stacked type methanol reformer, the structure of a 
methanol reformer with reforming cell units and heating 
cell units alternately stacked is proposed as still another 
conventional fuel reforming apparatus. 
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However, in the isothermal reactor module of the 
conventional fuel reforming apparatus disdosed in Jap- 
anese Patent Laid-Open No. 6-507145, since the iso- 
thermal reactor module is heated indirectly by heat- 
transfer fluid, attached devices, such as a reservoir, 
pumps, and a heat-transfer fluid heater, and piping 
become necessary and therefore there arises the prob- 
lem that the construction of the entire system becomes 
complicated. 

Also, although the baffle plate, the seal sheet, and 
the heat-transfer fins (a plurality of arcuate walls) have 
been provided in the interior of the reactor to increase 
the linear velocity of reformed gases and to increase the 
heat transfer from the walls to the reformed gases, there 
arise the problems that the structure and configuration 
of the members are complicated and workability suita- 
ble for mass production is unobtainable. 

In addition, in the selective oxidizing method and 
apparatus of the carbon monoxide (CO) in reformed 
gases disclosed in Japanese Patent Laid-Open No. 7- 
502205, while secondary air has been introduced at 
locations on the way to the latter portion of the isother- 
mal reactor to promote the oxidization of carbon monox- 
ide (CO), a plurality of secondary air inlet portions such 
as those shown in Fig. 24 are needed due to the intro- 
duction of secondary air and therefore flow control 
devices of the same number as the inlet portions 
become necessary. 

Additionally, since the isothermal reactor is pro- 
vided separately from the fuel reforming apparatus and 
operated under isothermal conditions, heating fluid and 
cooling fluid become necessary, so there arise the prob- 
lems that the entire system is complicated and structure 
suitable for mass production is unobtainable. 

Moreover, in the fuel reforming apparatus disclosed 
in Japanese Patent Laid-Open No. 7-126001, the car- 
bon monoxide (CO) concentration in reformed gases is 
about 100 ppm and therefore is still in a high-concentra- 
tion level in order to operate a solid polymer type fuel 
cell, so that a further reduction in the carbon monoxide 
(CO) concentration becomes necessary. 

While the CO concentration control means has con- 
trolled the amount of the heat-source gases from the 
combustion portion which are introduced into the 
reforming-shifting portion 76 in correspondence with the 
CO concentration in reformed gases, the amount of the 
heat-source gases that flow to the combustion portion is 
determined by the heat necessary for reforming reac- 
tion and necessary for vaporization of liquid feed, and 
cannot be varied arbitrarily. Consequently, it is difficult to 
independently control the amount of the heat-source 
gases with this structure. 

In addition, oxidization of carbon monoxide (CO) is 
exothermic reaction, and in order to maintain the inlet 
temperature of the CO oxidization portion at a tempera- 
ture (250 °C or less) suitable for CO oxidization, a por- 
tion which becomes an endothermic source of 200 °C or 
less becomes necessary. 



Moreover, in the fuel reforming apparatuses dis- 
closed in Japanese Patent Laid-Open No. 5-319801 
and Japanese Patent Laid-Open No. 7-335238, appara- 
tus miniaturization is achieved, but since any means 
s has not been taken of a CO reduction in the reformed 
gases, these apparatuses are insufficient as a fuel 
reforming apparatus that is employed in solid polymer 
type fueJ cells, 

10 BRIEF SUMMARY OF THE INVENTION 

Object of the invention 

This invention has been made in order to solve 
75 problems such as described above. A first object of this 
invention is to provide a compact, flat plate stacked type 
fuel reforming apparatus by constituting different func- 
tions, such as a reforming portion, a catalytic combus- 
tion portion, an evaporation portion, and a CO reducing 
20 portion, with flat plate elements and also by integrally 
stacking the flat plate elements Thus, the first object is 
to render external heat exchangers unnecessary. Also, 
the first object is to provide a fuel reforming apparatus 
suitable for mass production, by constituting the pas- 
25 sages of flat plate elements by employing light alloy 
heat-transfer fins, suitable for pressing, in the interior of 
a flat plate and also employing manifolds, suitable for 
stamping, in the outer circumferential portion of the flat 
plate. 

30 In addition, a second object of this invention is to 
provide a fuel reforming apparatus for directly supplying 
heat by the catalytic combustion of fuel cell off-gases 
(hydrogen-poor gases exhausted from a fuel electrode 
after use of a fuel cell) without using heat-transfer fluid 

35 which indirectly supplies heat necessary for reforming 
and evaporation. Also, the second object is to provide a 
fuel reforming apparatus for effectively utilizing the 
exhaust heat of combustion gases and the generation of 
heat due to CO oxidization in the vaporization (heating, 

40 evaporation, and superheating) of liquid feed and for 
reducing radiant heat to the outside of the apparatus. 

Furthermore, a third object of this invention is to 
provide a fuel reforming apparatus which is capable of 
setting the temperature distribution of a CO oxidization 

45 portion to optimum temperature range for CO oxidiza- 
tion corresponding to a CO concentration level in order 
to reduce the CO concentration of reformed gases to an 
allowable value of a fuel cell, for example, to less than a 
few parts per million, and also which is capable of ds- 

50 persedly supplying CO oxidization air with simple struc- 
ture suitable for mass production and without having a 
complicated control mechanism. 

Summary of the Invention 

55 

To achieve the foregoing and other objects, the fuel 
reforming apparatus according to the present invention 
comprises elements which include: a liquid feed heating 
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portion for heating liquid feed which comprises water 
and alcohol or hydrocarbon; an evaporation portion for 
evaporating the heated liquid feed to generate reformed 
gases; a steam superheating portion for superheating 
the methanol-water vapor from an evaporation tempera- 
ture to a reforming temperature; a reforming portion for 
generating hydrogen -rich reformed gases from the 
superheated methanol-water vapor by reforming cata- 
lysts; a catalytic combustion portion for supplying 
reforming heat to the reforming portion and evaporation 
heat to the evaporation portion by combustion of the 
catalysts; a shift reaction porion for reducing carbon 
monoxide (CO) contained in the reformed gases gener- 
ated by the reforming portion; a CO oxidization portion 
for reducing the CO contained in the reformed gases 
emerging from the shift reaction porion by catalytic oxi- 
dization; and a heat recovery portion for using exhaust 
heat of high-temperature combustion gases obtained by 
the combustion of the catalysts as heat sources for the 
steam superheating portion and the evaporation por- 
tion. The elements are formed into flat plate elements 
made of a light alloy, and the flat plate elements have a 
manifold for performing intake and exhaust with respect 
to surroundings and also have heat-transfer fins in the 
interior. The elements are integrally stacked in close 
proximity to one another from a high-temperature side 
to a low-temperature side in order of the catalytic com- 
bustion portion, reforming portion, steam superheating 
portion, heat recovery portion, shift reaction porion, 
evaporation portion, CO oxidization portion, and liquid 
feed heating portion. 

In the fuel reforming apparatus according to the 
invention, the catalytic combustion portion may also be 
divided into a plurality of portions and inserted between 
the reforming portion and the steam superheating por- 
tion, and a fuel portion of the catalytic combustion por- 
tion and the reforming portion may also be stacked in 
contact with each other. 

In the fuel reforming apparatus according to the 
invention, the catalytic combustion portion may also be 
divided into a plurality of portions and inserted between 
the shift reaction porion and the evaporation portion, 
and a fuel portion of the catalytic combustion portion 
and the evaporation portion may also be stacked in con- 
tact with each other. 

In the fuel reforming apparatus according to the 
invention, the heat recovery portion may also be divided 
into a plurality of portions and inserted between the 
evaporation portion and the CO oxidization portion, and 
the heat recovery portion and the evaporation portion 
may also be stacked in contact with each other. 

In the fuel reforming apparatus according to the 
invention, the heat recovery portion may also be divided 
into a plurality of portions and inserted between the 
evaporation portion and the shift reaction porion, and 
the heat recovery portion and the evaporation portion 
may also be stacked in contact with each other. 

In the fuel reforming apparatus according to the 



invention, when stacking the flat plate elements of the 
catalytic combustion portion, reforming portion, steam 
superheating portion, heat recovery portion, shift reac- 
tion porion, evaporation portion, CO oxidization portion, 

s and liquid feed heating portion, at least one of the 
reforming portion and catalytic combustion portion may 
also be provided in the center of the stacked body, and 
the other flat plate elements may also be symmetrically 
disposed on the upper and lower layers of either the 

10 reforming portion or the catalytic combustion portion. 

In the fuel reforming apparatus according to the 
invention, the CO oxidization portion, reforming portion, 
and shift reaction porion each may also be constituted 
by a flat plate element having heat-transfer fins fixed to 

is the interior, each heat-transfer fin being filled on the 
inner side with a CO oxidization catalyst, a reforming 
catalyst, or a shift catalyst. The heat recovery portion 
and steam superheating portion each are constituted by 
a flat plate element having a combustion gas passage 

20 and a steam passage formed with heat- transfer fins 
alone. A plurality of flat plate elements are stacked by 
providing at least one fluid turn-back passage in a 
stacked direction of the flat plate elements so that fluid, 
such as combustion gases, liquid feed steam^and 

25 reformed gases, turns back at an end of the flatmate 
element, when the fluid passes the inner side of^each 
heat-transfer fin. 

In the fuel reforming apparatus according to the 
invention, the CO oxidization portion comprises flat 

30 plate elements provided with one or more turn-back 
passages, an evaporation portion is provided in contact 
with the flat plate element of an inlet of the CO oxidiza- 
tion portion into which the reformed gases flow, a liquid 
feed heating portion is provided in contact with the flat 

35 plate element of an outlet of the CO oxidization portion 
from which the reformed gases flow out, a heat conduc- 
tor is provided on a boundary surface where the flows of 
the reformed gases and the liquid feed and steam 
become opposite flows, and a heat insulator is provided 

40 on a boundary surface where the flows of the reformed 
gases and the liquid feed and steam become parallel 
flows, thereby obtaining temperature distribution >vhich 
is high in temperature at the inlet portion and low in tem- 
perature at the outlet portion in the stacked direction of 

45 the CO oxidization portion and in the directions of the 
reformed gases and the liquid feed and steam. 

In the fuel reforming apparatus according to the 
invention, the CO oxidization portion dispersedly sup- 
plies CO oxidization air in correspondence with the CO 

so concentration distribution along a direction of flow in the 
CO oxidization portion, by alternately stacking a plural- 
ity of turn-back passages of reformed-gas chambers 
and CO oxidization air chambers so that the flows of the 
reformed gases and the CO oxidization air become par- 

55 all el flows and also by providing a CO oxidization air dis- 
persion plate with a plurality of dispersion holes 
between flat plate elements of the reformed-gas cham- 
bers and the CO oxidization air chambers so that the air 
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amount distribution in the stacked direction is controlled 
by the configuration of the dispersion hole and the pas- 
sage resistance of a fluid passage leading to the disper- 
sion hole. 

In the fuel reforming apparatus according to the 5 
invention, a surface-division heat recovery portion, con- 
stituted by dividing a surface of the heat recovery por- 
tion into an evaporation catalytic combustion portion 
and a combustion gas heat recovery portion, may also 
be provided in close proximity to an upper or lower por- w 
tion of the evaporation portion. The catalytic combustion 
portion and the combustion gas heat recovery portion 
for evaporation are alternately disposed on the surface 
along a flow of steam on the evaporation surface of the 
evaporation portion. 75 

In the fuel reforming apparatus according to the 
invention, an evaporation temperature corresponding to 
liquid feed may also be set by varying an area rate of the 
evaporation catalytic combustion portion and the com- 
bustion gas heat recovery portion in the surface-division 20 
heat recovery portion. 

In the fuel reforming apparatus according to the 
invention, the evaporation portion is constituted by two 
stages, a liquid feed evaporation portion and a water 
evaporation portion. A surface-division heat recovery 25 
portion is formed by dividing a surface of the heat recov- 
ery portion into an evaporation catalytic combustion 
portion and a combustion gas heat recovery portion. 
The liquid feed evaporation portion and the water evap- 
oration portion are provided in close proximity to the 30 
surface -division heat recovery portion, respectively. CO 
oxidization portions are stacked between the liquid feed 
evaporation portion and the water evaporation portion 
and outside the liquid feed evaporation portion and the 
water evaporation portion, respectively. 35 

In the fuel reforming apparatus according to the 
invention, an area rate of the evaporation catalytic com- 
bustion portion to the combustion gas heat recovery 
portion is reduced at a portion adjacent to the liquid feed 
evaporation portion where the evaporation temperature 40 
is low, and is increased at a portion adjacent to the 
water evaporation portion where the evaporation tem- 
perature is high. 

BRIEF DESCRIPTION OF THE DRAWINGS 45 

The above and other objects and advantages will 
become apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying 
drawings wherein: 50 

Fig. 1 is a diagram showing the basic constitution of 
a fuel reforming apparatus according to a first 
embodiment of the present invention and also 
showing the temperature distribution in a stacked 55 
direction; 

Fig. 2 is a top plan view showing the upper end 
plate of the fuel reforming apparatus according to 



the first embodiment of the present invention; 
Fig. 3 is a sectional view showing the upper end 
plate of the fuel reforming apparatus according to 
the first embodiment of the present invention; 
Fig. 4 is a perspective view showing the structure of 
fiat plate elements of a liquid feed heating portion 
and a CO oxidization portion (outlet portion) 
according to the first embodiment of the present 
invention; 

ig. 5 is a perspective view showing the structure of 
an evaporation portion according to the first embod- 
iment of the present invention; 
Fig. 6 is a schematic view showing the structure of 
a reforming portion and the flow of reformed gases 
according to the first embodiment of the present 
invention; 

Fig. 7 is a schematic view showing the structure of 
a catalyst combustion portion and the flows of Off- 
gases, air, and combustion gases according to a 
fourth embodiment of the present invention; 
Fig. 8 is a diagram showing the configuration of the 
dispersion plate of a catalytic combustion portion 
according to the first embodiment of the present 
invention; 

Fig. 9 is a schematic view showing the up-and- 
down symmetrical disposition of a fuel reforming 
apparatus according to a second embodiment of 
the present invention; 

Fig. 10 is a sectional view showing the structure of 
a combustion gas heat recovery portion according 
to a third embodiment of the present invention; 
Fig. 1 1 is a sectional view showing the structure of 
a shift reaction porion according to a fourth embod- 
iment of the present invention; 
Fig. 12 is a sectional view showing the structure of 
a turn-back reforming portion and the flow of 
reformed gases according to a fifth embodiment of 
the present invention; 

Fig. 13 is a schematic view showing the flows of liq- 
uid feed, steam, and reformed gases according to a 
sixth embodiment of the present invention; 
Fig. 14 is a sectional view showing the structure of 
a CO oxidization portion according to the sixth 
embodiment of the present invention; 
Fig. 15 is a schematic view showing the layout of 
the heat conductor and heat insulator of a CO oxidi- 
zation portion and the flow of heat according to a 
seventh embodiment of the present invention; 
Fig. 16 is a schematic view shewing the air intro- 
duction method of a CO oxidization portion and the 
flows of CO oxicization air and reformed gases 
according to an eighth embodiment of the present 
invention; 

Fig. 1 7 is a diagram showing the CO concentration 
distribution and the oxygen concentration distribu- 
tion of the CO oxidization portion in a direction of 
flow according to the eighth embodiment of the 
present invention; 



6 



11 



EP 0 861 802 A2 



12 



Fig. 1 8 is a perspective view showing the structures 
of a surface-division heat recovery portion and an 
evaporation portion and the flows of air, Off-gases, 
and combustion gases according to a ninth embod- 
iment of the present invention; 
Fig. 19 is a schematic view showing the layout of a 
two-stage evaporation portion and a three-stage 
CO oxidization portion and the stacked-direction 
temperature distribution according to a tenth 
embodiment of the present invention; 
Fig. 20 is a schematic system view showing a con- 
ventional isothermal reactor module and heat 
recovery module; 

Fig. 21 is a sectional view of the conventional iso- 
thermal reactor module; 

Fig. 22 is a sectional view of the heat-transfer fluid 
passage of the conventional isothermal reactor 
module; 

Fig. 23 is a diagram of the conventional isothermal 

reactor module in a stacked direction; 

Fig. 24 is a side sectional view of a conventional 

selective oxidizing reactor in an assembled state; 

Fig. 25 shows the CO concentration in reformed 

gases along the catalyst bed of the conventional 

selective oxidizing reactor; and 

Fig. 26 is a schematic view showing the structure of 

a conventional methanol reformer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First embodiment 

A first embodiment of a fuel reforming apparatus 
according to this invention will hereinafter be described 
with the case where liquid feed is methanol and water. 
The block diagram on the left side in Fig. 1 is a sche- 
matic view showing the whole of the fuel reforming 
apparatus according to this embodiment and shows the 
basic layout of the constituent elements. Also, the graph 
on the right side in Fig. 1 is a diagram showing the tem- 
perature distribution along the stacked direction of the 
flat plate elements of the fuel reforming apparatus. In 
Fig. 1 a liquid feed heating portion 1 preheats supplied 
liquid feed (methanol and water), by performing the heat 
exchange between the liquid feed and the reformed 
gases passing through an adjacent carbon monoxide 
(CO) oxidization portion 5. 

The preheated liquid feed evaporate in an evapora- 
tion portion 2 by the exhaust heat of the combustion 
gases of a low-temperature heat recovery portion 7a 
and the heat generated in the CO oxidization portion 5. 
Furthermore, the steam of the liquid feed is super- 
heated up to 300 °C in a steam superheating portion 3 
employing a high-temperature heat recovery portion 7b 
and a catalytic combustion portion 6a as the heat 
source. This superheated steam is supplied to a reform- 
ing portion 4. With the heat supplied from catalytic com- 



bustion portions 6a and 6b, the reforming portion 4 
converts the steam (methanol and water) by reforming 
reactionto carbon dioxide, a minor amount of carbon 
monoxide, and hydrogen. 

s The reformed gases emerging from the reforming 

portion 4 are introduced into a shift reaction porion 4a, 
and after water and carbon monoxide have been con- 
verted to carbon dioxide and hydrogen, the reformed 
gases are guided to the CO oxidization portion 5, in 

10 which the remaining CO is converted to C02 by oxidiza- 
tion. At the inlet of the CO oxidization portion 5, heat 
exchange is performed between the reformed gases 
and the steam (or combustion gases), and at the outlet, 
heat exchange is performed between the reformed 

15 gases and the liquid feed. After a temperature distribu- 
tion suitable for CO oxidization has been maintained, 
the reformed gases are reduced to the concentration of 
carbon monoxide (CO) less than an allowable level for 
fuel cells and are supplied to the fuel electrode of a fuel 

20 cell. 

In Fig. 1 , a solid line represents a flow of liquid feed 
and superheated steam, a broken line a flow of 
reformed gases, and a one-dotted chain line a flow of 
combustion gases. 

25 A description will now be made of the operation of 
the fuel reforming apparatus according to this embodi- 
ment Liquid feed; methanol and water, are supplied to 
the liquid feed heating portion 1 . Then, methanol and 
water are beforehand adjusted and set in quantity, 

30 respectively, so that the rate becomes a predetermined 
steam-carbon ratio (for example, 1.5). Methanol and 
water are preheated in the fluid mater iaJ heating portion 
1 by the heat exchange between the liquid feed and the 
reformed gases flowing through the adjacent CO oxidi- 

35 zation portion 5. 

The preheated liquid feed is evaporated in the 
evaporation portion 2. The heat necessary for this evap- 
oration is supplied mainly by the exhaust heat of the 
combustion gases of the low-temperature heat recovery 

40 portion 7a and the heat generated in the CO oxidization 
portion 5. The temperature necessary for the evapora- 
tion is 150 to 200 °C. Therefore, since the inlet temper- 
ature of the CO oxidization portion 5 rises to 240 °C or 
more and the combustion gas temperature of the low- 

45 temperature heat recovery portion 7a also rises to 250 
°C or more, the exhaust heat of the combustion gases of 
the low-temperature heat recovery portion 7a and the 
heat generated in the CO oxidization portion 5 are in a 
sufficiently high temperature level as the heat source for 

50 the liquid feed evaporation. Also, the temperature of the 
reformed gases f towing through the shift reaction porion 
4a is 200 to 250 °C and sufficiently high, so H can be uti- 
lized as part of the heat source. 

In the steam superheating portion 3 the steam corn- 

55 prising methanol and water is superheated up to a 
reforming temperature of 300 °C. For this reason, the 
high-temperature recovery portion 7b and the catalytic 
combustion portion 6a are provided on both sides of the 
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steam superheating portion 3 as heating sources. The 
combustion gases of the catalytic combustion portion 
6a have a high temperature of 300 °C or more and 
therefore has heat enough to superheat steam up to 
300 °C. The superheated steam is supplied to the 
reforming portion 4, and the vapor comprising methanol 
and water is converted to hydrogen and carbon dioxide 
by reforming reaction. The heat needed for the reform- 
ing reaction is supplied by the catalytic combustion por- 
tions 6a and 6b provided on the upper and lower layers 
of the reforming portion 4. 

In the catalytic combustion portions 6a and 6b, the 
combustion gases are exhausted from the fuel elec- 
trode of the fuel cell, and cell off-gases containing unu- 
tilized hydrogen (hereinafter referred to as Off-gases) 
are burned with air for combustion and employed as a 
heating source for reforming reaction. The temperature 
of the reforming portion 4 is a temperature (about 300 
°C) which can reduce the CO concentration of the 
reformed gases down to less than the allowable level of 
a fuel cell in the following shift reaction porion 4a and 
CO oxidization portion 5 and also can ensure a high ref- 
ormation rate (of more than 99%) relative to the amount 
of the generated reformed gases. To set the tempera- 
ture of the reforming portion 4 to a suitable temperature, 
the temperatures of the catalytic combustion portions 
6a and 6b are set by adjusting the combustion amount 
of air (air ratio) of the catalytic combustion portions 6a 
and 6b. 

The reformed gases emerging from the reforming 
portion 4 are introduced into the shift reaction portion 
4a, and the carbon monoxide (CO) and water in the 
reformed gases are converted to carbon dioxide and 
hydrogen by shift reaction. From chemical equilibrium, 
as temperature becomes lower, the shift reaction 
advances toward the side of carbon dioxide. In the case 
where a shift catalyst consisting of a Cu-Zn system is 
employed, the shift reaction porion 4a is provided 
between the evaporation portion 2 (200 °C) and the 
high-temperature heat recovery portion 7b (250 °C), 
because a temperature of 200 to 250 °C is required in 
order to ensure a sufficient reaction rate. 

Before the reformed gases emerging from the shift 
reaction porion 4a enter the CO oxidization portion 5, air 
for CO oxidization is introduced. The amount of the CO 
oxidization air that is supplied is an amount of air (three 
to four times a theoretical amount of air) equivalent to an 
amount more than an amount necessary for oxidizing 
the CO present in the reformed gases. The CO oxidiza- 
tion portion 5 is provided between the liquid feed heat- 
ing portion 1 and the low-temperature heat recovery 
portion 7a (and the evaporation portion 2) so that the 
temperature of the CO oxidization portion 5 is within a 
range of 110 to 240 °C suitable for CO oxidization, 
which is the result obtained from the experiments made 
by the inventors. 

At the inlet of the CO oxidization portion 5, heat 
exchange is performed between the reformed gases 



and steam with a temperature of 150 to 200 °C and 
between the reformed gases and combustion gases 
with a temperature of 250 °C, and at the outlet, heat 
exchange is performed between the reformed gases 

5 and low-temperature liquid feed, thereby maintaining a 
temperature distribution suitable for CO oxidization. The 
reformed gases with the CO concentration reduced to 
less than the allowable level of a fuel cell at the outlet of 
the CO oxidization portion 5 are supplied from the fuel 

w reforming apparatus to the fuel electrode of the fuel cell. 
In Fig. 1, while the catalytic combustion portion 6a 
comprising a plurality of divided flat plate elements has 
been provided between the reforming portion 4 and the 
steam superheating portion 3 and also the low-temper- 

is ature heat recovery portion 7a comprising a plurality of 
divided flat plate elements has been provided between 
the evaporation portion 2 and the CO oxidization portion 
5, the stacked order of the flat plate elements is not lim- 
ited to Fig. 1 . If a suitable temperature distribution is 

20 realized with each of the flat plate elements, the consti- 
tution may also be any constitution in which the divided 
catalytic combustion portion 6a and low-temperature 
heat recovery portion 7a are not installed. 

In the case where heat becomes insufficient at 

25 some position along the stacked direction of the flat 
plate elements and therefore a lower temperature than 
a suitable temperature relative to the functions of the flat 
plate elements occurs, a smooth temperature distribu- 
tion can be formed continuously in the stacked direction 

30 by providing a flat plate element (catalytic combustion 
portion 6a, heat recovery portions 7a and 7b, CO oxidi- 
zation portion 5) on the heating side in close proximity 
to the fiat plate element whose temperature is insuffi- 
cient. 

35 A description will now be made of an upper end 
plate that performs the intake and exhaust of liquid feed, 
gases, and air in the fuel reforming apparatus according 
to this embodiment. The structure of the upper end 
plate 23 is shown in Figs. 2 and 3. Fig. 2 is a plan view 

40 of the upper end plate 23 and Fig. 3 a sectional view 
showing an A-A' section of Fig. 2. In the interior surface 
of the upper end plate 23, intake and exhaust tubes 12 
through 16 and manifolds 17 through 21 corresponding 
to these intake and exhaust tubes 12 through 16 are 

45 provided in the following layout relationship. 

The reformed-gas outlet manifold 18 is constituted 
by a rectangular opening formed in a longitudinal direc- 
tion along the left edge of the interior surface of the 
upper end plate 23 and a plurality of guide portions rj s- 

so posed so that the reformed gases sent from the opening 
are converged at approximately the center of the upper 
end plate 23. Also, the reformed-gas exhaust tube 12 for 
exhausting the converged reformed gases from the 
reformed-gas outlet manifold 18 to the exterior of the 

55 upper end plate 23 is provided. 

The CO oxidization air supply tube 16 for supplying 
CO oxidization air from the exterior of the upper end 
plate 23 to the interior is arranged on the same line as 
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the reformed-gas exhaust tube 12 with a predetermined 
spacing. Also, there is provided the CO oxidization air 
manifold 19, which is constituted by a rectangular open- 
ing formed in a longitudinal direction along the right 
edge of the interior surface of the upper end plate 23 5 
and a plurality of guide portions disposed radially with 
respect to the opening so that the CO oxidization air 
supplied by the CO oxidization air supply tube 16 
spreads out and flows evenly. 

Furthermore, in the interior surface of the upper 10 
end plate 23, the combustion gas exhaust manifold 22 is 
constituted by a rectangular opening formed in a longi- 
tudinal direction along the upper edge and a plurality of 
guide portions disposed so that the combustion gases 
sent from the opening are converged at approximately is 
the center of the upper end plate 23. Also, the combus- 
tion gas exhaust tube 1 5 for exhausting the converged 
combustion gases from the combustion gas exhaust 
manifold 22 to the exterior of the upper end plate 23 is 
provided. 20 

Below the reformed-gas exhaust tube 12, there are 
provided both the OFF-gas supply tube 13 for supplying 
Off-gases from the exterior of the upper end plate 23 to 
the interior and the Off-gas supply manifold 20. The Off- 
gas supply manifold 20 is constituted by a rectangular 25 
opening formed in a longitudinal direction along the 
lower edge of the interior surface of the upper end plate 
23 and a plurality of guide portions disposed radially 
with respect to the opening so that the Off-gases sup- 
plied by the Off-gas supply tube 13 spread out and flow 30 
evenly. 

The combustion air supply tube 14 for supplying 
combustion air from the exterior of the upper end plate 
23 to the interior is provided on the same line as the Off- 
gas supply tube 13 with a predetermined spacing. Also, 35 
there is provided the combustion air supply manifold 21 , 
which is constituted by a rectangular opening formed in 
a longitudinal direction along the lower edge of the inte- 
rior surface of the upper end plate 23 and a plurality of 
guide portions disposed radially with respect to the 40 
opening so that the supplied combustion air spreads out 
and flows evenly. 

The liquid feed supply tube 1 1 is stood up in the 
exterior of the upper end plate 23 toward the interior, 
and attaching holes 17 for attachment support shafts 45 
are bored in the exterior of the upper end plate 23 along 
the edges of the plate with a predetermined spacing. 

A description will now be made of the gas intake 
and exhaust of this fuel reforming apparatus. The upper 
end plate 23 collectively performs the intake and so 
exhaust of fluid, such as liquid feed, reformed gases, 
Off-gases, air, and combustion gases. The intake and 
exhaust tubes 12 through 16 for these fluids are col- 
lected on the central portion of the upper end plate 23. 
The interior of the upper end plate 23 is provided with a ss 
portion where air and Off-gases spread from the supply 
tubes 13, 16, and 14 toward the surrounding manifolds 
20, 19, and 21 and a portion where reformed gases and 



combustion gases are converged from the surrounding 
manifolds 18 and 22 to the exhaust tubes 12 and 15. 

The manifolds 1 8 through 22 are provided on the 
four circumferential edges of the upper end plate 23 
(see Fig. 2) so that the intake and exhaust of gas are 
reliably performed in the effective reaction area located 
in the central portion of the upper end plate 23. In addi- 
tion, to make the flow in the manifolds 18 through 22 
even, the width may also be sufficiently widened, or 
bored plates 24a and 24b (see Fig. 3) for making flow 
even may also be provided within the manifolds 18 
through 22. 

In addition, in the circumferential portion of the 
upper end plate 23, the support-shaft attaching holes 17 
for fastening the lower constituent flat plate element and 
ensuring the seal between the flat plate elements are 
bored, and fastening support shafts and presser mem- 
bers (spring, nut, bearing, etc.) are provided. The fas- 
tening support shafts are attached at the four corners of 
the flat plate and inside each manifold, and fastening 
weight is adjusted so that the surface pressure to the 
effective reaction area of the flat plate element becomes 
even. 

The structure of the flat plate elements of theJuel 
reforming apparatus wiil now be described with respect 
to the liquid feed heating portion 1 and the CO oxidiza- 
tion portion 5. The structure of the CO oxidization. por- 
tion 5 adjacent to the liquid feed heating portion 1 of the 
fuel reforming apparatus according to this embodiment 
is shown in Fig. 4. In the interior of the liquid feed heat- 
ing portion 1 , fluid passages 26 for introducing supplied 
liquid feed is formed by a plurality of long and narrow 
passages. The introduced liquid feed is sent through the 
liquid passages 26 to the evaporation portion 2. The 
bottom surface of the liquid feed heating portion 1 is 
provided with a partition wall 30 for partitioning liquid 
feed and reformed gases. 

In addition, on the surface of the CO oxidization 
portion 5, there are arranged or formed heat-transfer 
fins 27 for transferring heat to the liquid feed heating 
portion 1, reformed-gas outlet manifold 18 for sending 
out reformed gases to the reformed-gas outlet of the liq- 
uid feed heating portion 1 , a seal sheet 31 for preventing 
the reformed gases and the liquid feed, and the air, Off- 
gases, and combustion gases passing through the 
manifolds, from leaking to the outside or other portions, 
and a liquid supply port 32 for supplying preheated liq- 
uid feed to the evaporation portion 2. 

A description wiil be made of the operations of the 
liquid feed heating portion 1 and the CO oxidization por- 
tion 5. Liquid feed; methanol and water, is supplied from 
the upper end plate to the liquid feed heating portion 1 . 
Then, the liquid feed is preheated by the heat exchange 
between the liquid feed and the reformed gases flowing 
through the outlet portion of the adjacent CO oxidization 
portion 5. The liquid feed heating portion 1 is supposed 
to have structure where the fiat surface thereof is pro- 
vided with a plurality of narrow liquid passages 26 
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through which liquid feed pass. The widths of the liquid 
passages 26 are adjusted in order to make the flow 
within the surface even. 

The preheated liquid feed is supplied *rom a liquid 
feed supply port 32 located at the corner of the CO oxi- 5 
dization portion 5 to the evaporation portion 2. The cir- 
cumference of the flat plate of the liquid feed heating 
portion 1 is provided with manifolds for reformed gases, 
Off-gases, air, and combustion gases. The flat surface 
of the CO oxidization portion 5 is provided with heat- 10 
transfer fins 27 having offset intermittent surface fins in 
the stacked direction, as shown in Fig. 4, and the inner 
side of the heat-transfer fin 27 is filled with a CO oxidi- 
zation catalyst (not shown in Fig. 4). 

The CO oxidization catalyst can use catalysts, such is 
as platinum in an alumina carrier, ruthenium, palladium, 
and rhodium. The reformed gases flow between the 
heat-transfer fins 27 and the CO oxicfization catalyst 
within the surface and are exhausted from the reformed- 
gas outlet manifold 18. The reformed-gas outlet mani- 20 
fold 18 is connected with the upper end plate 23. Thus, 
heat exchange is performed between the reformed 
gases and the liquid feed, and the reformed gases are 
cooled to near 80 °C, which is the operating tempera- 
ture of a fuel cell. Between the liquid feed heating por- 25 
tion 1 and the CO oxidization portion 5, the partition 
plate 30 and the seal sheet 31 are provided. The parti- 
tion plate 30 is used to partition the liquid feed and the 
reformed gases. 

Also, to make the heat transfer efficiency of the 30 
reformed gases to the liquid feed better, the liquid feed 
heating portion 1 is fastened to the CO oxidization por- 
tion 5 by the support shafts of the upper end plate 23, 
and the partition plate 30 is closely contacted with the 
surfaces of the heat-transfer fins 27, thereby reducing 35 
thermal resistance. The seal sheet 31 has a configura- 
tion where the heat-transfer fin portion (effective reac- 
tion area) and the manifold portions are cut out from the 
circumference of the flat surface, also is closely 
attached to the circumferential portion of the flat plate by 40 
the fastening weight, and prevents the reformed gases 
and the liquid feed, and the air, Off-gases, and combus- 
tion gases flowing through the manifolds from leaking to 
the outside or other portions. 

While the material of the seal sheet 31 has 45 
employed, for example, Teflon, it is not limited to Teflon 
if sealability equal to or higher than that of Teflon is 
maintained. Also, it is preferable that the material of the 
flat plate elements constituting the liquid feed heating 
portion 1, CO oxidization portion 5, heat-transfer fins so 
27, and partition plate 30 be aluminum with better ther- 
mal conductivity and light weight or an aluminum alloy, 
however, material other than aluminum, such as a cop- 
per alloy and a brass alloy, can be used if thermal con- 
ductivity and a reduction in weight equal to aluminum 55 
are achieved. Furthermore, the flat plate element has 
manifolds on the circumference and heat-transfer fins in 
the interior so that it is suitable for pressing and stamp- 



ing, thereby enhancing workability and producibiirty. 

Tine structure of the evaporation portion 2 of the feel 
reforming apparatus according to this embodiment is 
shown in a part -perspective view of Fig. 5. The evapora- 
tion portion 2 s constituted by stacking a liquid feed 
dropping piate 24 and an evaporation plate 29. The 
evaporation portion 2 adopts structure where methanol 
and water evaporate evenly within the flat surface. In 
this embodiment, the liquid feed drop plate 24 is 
employed as a fluid dispersion plate and disperses an 
amount of fluid supplied within the flat surface, thereby 
making both evaporation and an endothermic distribu- 
tion due to evaporation even. The evaporation portion 2 
is constituted by two elements: liquid feed dropping 
plate 24 and evaporation plate 29. 

The liquid feed dropping plate 24 is formed with a 
liquid feed supply port 32 which is a supply port for the 
preheated liquid feed supplied through the liquid feed 
heating portion 1 and the CO oxidization portion 5. Also, 
the plate 24 is formed with cfispersion holes 39a for 
dropping which evenly introduce the liquid feed, sup- 
plied from the liquid feed supply port 32, to the flat sur- 
face and drop the liquid feed within the flat surface of the 
lower evaporation plate 29. Furthermore, the liquid feed 
dropping plate 24 is formed with a passage 40 which 
adjusts the amount of the liquid feed that go toward the 
dispersion holes 39a. 

To perform the evenness of evaporation within a 
surface and the dispersion evenness of an amount of 
drop, the liquid feed dropping plate 24 of the evapora- 
tion portion 2 adjusts the groove width of the fluid pas- 
sage 40 and the hole diameter of the dispersion hole 
39a, thereby making the drop amount distribution 
approximately even. In this embodiment the liquid feed 
drop plate 24 is provided within the surface with 25 (5 
rows 5) dispersion holes 39a through which liquid feed 
drop. The liquid drops of the liquid feed evaporate on the 
lower evaporation plate 29, and the evaporation within 
the surface is made even. 

Also, the evaporation plate 29 is provided with a 
plurality of surface protrusions within the surface, and 
the protrusion has an enlarged uneven heat-transfer 
surface. The liquid feed is dropped from the liquid drop 
hole between the protrusions, thereby promoting the 
evaporation. The heat necessary for evaporation is sup- 
plied from the CO oxidization portion 5 and heat recov- 
ery portion 7a adjacent to the evaporation portion 2, and 
the heat is supplied to the evaporation surface past a 
plurality of surface protrusions within the evaporation 
plate 29. 

A description will be made of the multilayer reform- 
ing portion '4 and the catalytic combustion portions 6a 
and 6b of the fuel reforming apparatus according to this 
embodiment. The structures of the multilayer reforming 
portion 4 and the catalytic combustion portions 6a and 
6b of the fuel reforming apparatus are shown in Figs. 6 
and 7. Fig. 6 shows the flows of methanol, water vapor, 
and reformed gases in the multilayer reforming portion 
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4, and Fig. 7 shows the flows of Off-gases, air, and com- 
bustion gases in the catalytic combustion portions 6a 
and 6b. 

In the multilayer reforming portion 4, 18a repre- 
sents a superheated-steam supply manifold. The liquid 
feed supplied from this superheated-steam supply man- 
ifold 18a are passed through a plurality of reforming cat- 
alysts 33 each surrounded by the heat-transfer fins 27, 
and the reformed gases are exhausted from the 
reformed-gas exhaust manifold 1 9a. 

Also, the multilayer reforming portion 4 is consti- 
tuted by filling the inner side of the heat-transfer fin 27 
with the reforming catalyst 33 and also by stacking a 
plurality of flat plate elements in which partition plates 
30 each are provided between heat-transfer fins 27 
superimposed in the stacked direction. The reforming 
catalyst 33 can use copper chromium oxide in alumina 
carrier, and zinc-system catalysts. The superheated 
steam comprising methanol and water is supplied from 
the superheated-steam supply manifold 18a to the mul- 
tilayer reforming portion 4. In the superheated steam 
comprising methanol and water, methanol and water 
are converted to hydrogen and carbon dioxide by the 
action of reforming catalyst, and consequently, hydro- 
gen-rich reformed gases are obtained. 

In this embodiment, the reformed gases are caused 
to flow from the superheated-steam supply manifold 
1 8a, which is the inlet of the multilayer reforming portion 
4, and then flow through the layers of the multilayer 
reforming portion 4 in parallel. The distributed reformed 
gases are merged at the exhaust manifold 19a, which is 
the outlet of the multilayer reforming portion 4. Thereaf- 
ter, the merged reformed gases are supplied to the fol- 
lowing shift reaction porion 4a. The heat necessary for 
the reforming reactionis supplied from the catalytic com- 
bustion portions 6a and 6b provided up and down of the 
multilayer reforming portion 4 and is transferred to the 
reforming catalysts 33 through the heat-transfer fins 27. 
Since the multilayer reforming portion 4 is heated from 
both sides by the catalytic combustion portions, the 
stacked-direction temperature distribution of the multi- 
layer reforming portion 4 is high in temperature at the 
upper and lower ends adjacent to the catalytic combus- 
tion portions 6a and 6b and becomes lower at the cen- 
tral portion. 

A large temperature distribution in the stacked 
direction will result in an un evenness in the reforming 
reactionand a reduction in the reforming rate. Therefore, 
by using aluminum with better thermal conductivity or 
the alloy in the heat-transfer fins 27 and the partition 
plates 30 and making the heat transfer efficiency of the 
fin higher, the stacked-direction temperature distribution 
is made smaller. For the stacked number of the multi- 
layer reforming portions 4, it will suffice if the stacked 
number is one which is capable of sufficiently supplying 
reforming reactionheat with the upper and lower cata- 
lytic combustion portions 6a and 6b and also making 
the stacked-direction temperature distribution smaller to 



such a degree that reforming rate is not reduced. 

The catalytic combustion portion 6a, as shown in 
Fig. 7, is constituted by both a combustion chamber 34a 
which supplies Off -gases and an air chamber 35a which 

5 supplies air. A dispersion plate 37 is provided between 
the combustion chamber 34a and the air chamber 35a, 
and Off-gases and air for combustion are supplied sep- 
arately into the combustion chambers through the dis- 
persion plate 37. Each of the chambers 34a and 35a is 

10 provided with heat-transfer fins 27, and the inner side of 
the heat-transfer fin 27 is filled with a combustion cata- 
lyst 36. 

The combustion catalyst 36 can use catalysts, such 
as platinum in an alumina carrier, ruthenium, palladium, 

15 and rhodium. The cell off-gases and air necessary for 
Off-gas combustion are individually supplied from the 
respective supply manifolds to the combustion chamber 
34a and the air chamber 35a, and the gas combustion 
is performed, while mutually diffusing gases and air 

20 within a surface through the dispersion holes of the dis- 
persion plate 37. 

The temperatures of the combustion chamber 34a 
and the air chamber 35b of the catalytic combustion 
portions 6a and 6b effectively transmit combustioaheat 

25 to reforming heat, because the temperature of the com- 
bustion chamber with high<;oncentration hydrogen 
becomes higher. In the case where the catalytic com- 
bustion portions 6a and 6b and the multilayer reforming 
portion 4 are stacked with each other, they are arranged 

30 so that the combustion chamber 34a contacts the 
reforming portion 4. The Off-gases and air are distrib- 
uted into the two upper and lower catalytic combustion 
portions 6a and 6b, respectively, and the multilayer 
reforming portion 4 is heated from both sides. The lower 

35 catalytic combustion portion 6b is constituted by com- 
bustion chamber 34b and air chamber 35b. 

A description will now be made of the catalytic com- 
bustion portions 6a and 6b according to this embodi- 
ment. Fig. 8 shows a structure example of the 

40 dispersion plate of the catalytic combustion portion and 
a pattern example of the dispersion holes. In the figure, 
37 is a dispersion plate, 36 a combustion catalyst, and 
39 a dispersion hole. The dispersion plate 37 irt this 
example is provided with four dispersion holes with a 

45 diameter of 1.0 mm around the circumference of a sin- 
gle combustion catalyst. From tests made by the inven- 
tors, with respect to the position between the 
combustion catalyst 36 and the dispersion holes 39a r in 
order to prevent the dispersion holes 39 from being 

so closed by the combustion catalyst 36, the dispersion 
holes 39 are not provided at the positions at which the 
combustion catalyst 36 contacts the dispersion plate, 
but it is necessary to provide the dispersion holes 39 
around the circumference of the combustion catalyst. 

55 If the dispersion hole 39 is closed by the combus- 
tion catalyst 36, then Off-gases and air will not be mixed 
and diffused and a high t combustion rate cannot be 
achieved. If the dispersion holes 39 are provided around 
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the combustion catalyst 36, air and Off-gases will be 
supplied to the surface of the combustion catalyst 36, 
whiie they are mutually diffusing and mixing past the 
dispersion holes 39, and consequently, a high combus- 
tion rate can be achieved, in addition, by burning Off- 
gases and air while mutually diffusing them by the dis- 
persion plate 37, superheat due to excessive combus- 
tion reaction at the inlet portion is suppressed, thereby 
achieving even combustion. Note that surface tempera- 
ture distribution can aiso be made even by giving sur- 
face distribution to the size of the dispersion hole 39 and 
also matching the exothermic distribution of the com- 
bustion with the endothermic distribution of the reform- 
ing portion 4. 

In this embodiment, while the catalytic combustion 
portion has been divided into the upper catalytic com- 
bustion portion 6a and the lower catalytic combustion 
portion 6b and also the upper catalytic combustion por- 
tion 6a has been inserted between the steam super- 
heating portion 3 and the reforming portion 4, the upper 
catalytic combustion portion 6a may also be inserted 
between the evaporation portion 2 and the shift reaction 
porion 4a so that the evaporation in the evaporation por- 
tion 2 is further promoted and stabilized. 

Also, in this embodiment, although the heat recov- 
ery portion has been divided into the heat recovery por- 
tion 7a and the heat recovery portion 7b and the heat 
recovery portion 7a has been interposed between the 
CO oxidization portion 5 and the evaporation portion 2, 
the heat recovery portion 7a may also be interposed 
between the evaporation portion 2 and the shift reaction 
porion 4a so that the evaporation in the evaporation por- 
tion 2 is further promoted and stabilized. 

Second embodiment 

The constitution of a fuel reforming apparatus 
according to a second embodiment of this invention will 
now be described by Fig. 9. Fig. 9 is an entire constitu- 
tion view schematically showing the constitution of a 
fuel reforming apparatus comprising two upper and 
lower stacked bodies which are symmetrical with 
respect to a symmetrical plane, each stacked body 
comprising flat plate elements. In the figure, adiabatic 
materials 44 are provided on the side surfaces of the 
first and second stacked bodies forming the fuel reform- 
ing apparatus. A one-dotted chain line in Fig. 9 repre- 
sents a symmetrical plane in the case where flat plate 
elements are symmetrically disposed. 

In this fuel reforming apparatus, as shown in Fig. 9, 
the first stacked body is constituted by flat plate ele- 
ments: an upper end plate, a liquid feed heating portion, 
a CO oxidization portion, a heat recovery portion, an 
evaporation portion, a shift reaction porion, .a steam 
superheating portion, a catalytic combustion portion, 
and a reforming portion. Also, with the symmetrical 
plane between the first and second slacked bodies as a 
boundary, the second stacked body is constituted by flat 



plate elements: a reforming portion, a catalytic combus- 
tion portion, a shift reaction porion, a steam superheat- 
ing portion, an evaporation portion, a heat recovery 
portion, a CO oxidization portion, a liquid feed heating 

5 portion, and a lower end plate. That is, with the symmet- 
rical plane as a boundary, pairs of reforming portion and 
catalytic combustion portions are stacked at the center, 
and the other flat plate elements are symmetrically 
stacked up and down of the stacked body. Furthermore, 

10 adiabatic materials 44 are provided on the side surfaces 
of the first and second stacked bodies comprising flat 
plate elements. 

This constitution can reduce the heat loss from 
upper and lower surfaces and side surfaces and also 

15 can make efficiently utilize heat which would be heat 
loss, as preheat for fuel and air. In this embodiment, 
while the supply of the liquid feed and the exhaust of the 
reformed gases have been performed by both end 
plates, they may also be collectively performed with 

20 either end plate by branching or merging the liquid feed 
or reformed gases from an inner manifold to flat plate 
elements. In Fig. 9, although the supply and exhaust for 
Off-gases, air, and combustion gases have not been 
shown, they may also be provided independently on 

25 both end plates or provided collectively on either end 
plate. 

Third embodiment 

30 A description will now be made of a fuel reforming 
apparatus according to a third embodiment of this 
invention. In the fuel reforming apparatus of this embod- 
iment, turn-back passages for fluid flow are provided in 
the stacked direction of flat plate elements and also a 

35 plurality of flat plate elements are stacked. This struc- 
ture is applicable to the heat recovery portion for com- 
bustion gases, the steam superheating portion and CO 
oxidization portion for methanol and water, and the 
reforming portion and shift reaction porion. In a method 

40 of recovering exhaust heat of combustion gases, there 
is a "surface division method" which divides an exhaust 
heat recovery portion and a catalytic combustion por- 
tion into surfaces, in addition to the "passage turn-back 
method" of this embodiment. 

45 The constitution of the heat recovery portion 7 of 
the "passage turn-back type" is shown in Fig. 10. In the 
figure, 27 denotes the section of a heat-transfer fin. The 
surface of this heat-transfer fin 27 forms combustion 
gas passages. 30 is a partition plate for partitioning 

so upper and lower combustion gas passages. 28 is a 
combustion gas passage turn-back hole at which com- 
bustion gases flowing through a lower combustion gas 
passage are turned back in the stacked direction and 
then flows through an upper combustion gas passage. 

55 In Fig. 10, a flow of combustion gases is represented by 
a one-dotted chain line. 

In this embodiment, heat recovery is performed by 
turning back a combustion gas passage in the stacked 
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direction at the combustion gas passage turn-back hole 
28 and also allowing combustion gases to flow inside 
the heat-transfer fin 27 provided within the turned-back 
combustion gas passage. The chance that combustion 
gases will recover heat is increased by turning back 
combustion gases many times in order of stacked plate 
elements. Furthermore, the convection heat transfer 
between combustion gases and the heat-transfer fin 27 
is promoted by employing an offset intermittent fin (see 
the heat-transfer fin 27 in Fig. 4) in the configuration of 
the heat-transfer fin 27 so that a boundary layer formed 
on the heat-transfer fin surface is cut by the next offset 
fin. 

The heat recovery portion 7 performs heat 
exchange between it and the lower steam superheating 
portion and between it and the upper evaporation por- 
tion and then supplies heat necessary for evaporation 
and superheating of steam. In this embodiment, while 
the turn-back portion for combustion gases has been 
constituted by 6 flat plate elements, the stacked-direc- 
tion temperature distribution of the heat recovery por- 
tion adjusts the number of stacked flat plate elements 
and the configuration of the heat-transfer fin so that the 
lower temperature becomes a temperature near to a 
suitable steam superheating temperature and also the 
upper temperature becomes a temperature near to a 
suitable temperature for shift reaction and to an evapo- 
ration temperature. 

High-temperature combustion gases flow to the 
heat recovery portion 7, then perform heat exchange 
between the combustion gases and steam comprising 
methanol and water, and are effectively used to evapo- 
rate liquid feed. In the structure of the heat recovery por- 
tion, heat-transfer fins 27 are provided in the interior of 
each flat plate element and stacked. The high-tempera- 
ture exhaust heat of combustion gases is transferred to 
the adjacent evaporation portion or steam superheating 
portion through the heat-transfer fins 27. 

The low-temperature combustion gases emerging 
from the heat recovery portion 7 pass through the man- 
ifold 22 provided in one edge of the interior of the flat 
plate element and are exhausted from the combustion 
gas exhaust tube 15 attached to the upper end plate 23 
(see Figs. 2 and 3) via the low-temperature heat recov- 
ery portion. In this embodiment, while the turn-back 
passages of the heat recovery portion 7 have been 
stacked with 6 fiat plate elements, the passages do not 
need to be limited to 6 elements. The number of ele- 
ments may also be set in correspondence with an 
amount of heat recovery. In addition, to effectively per- 
form heat exchange between combustion gases and 
steam, flat plate elements constituting the steam super- 
heating portion and the evaporation portion may also be 
alternately disposed between the flat plate elements for 
combustion gases. 



Fourth embodiment 

The structures of the steam superheating portion 
and the shift reaction porion of the "turn-back type" 

5 according to a fourth embodiment of this invention are 
shown in Fig. 11. In the figure, 4a is a shift reaction 
porion, 3 a steam superheating portion, 38 a shift cata- 
lyst, and 27 a heat-transfer fin. 

In this embodiment, the reformed-gas passage of 

10 the low-temperature portion 4a is interposed between 
two upper and lower superheated-steam passages, 
thereby performing the heat exchange between metha- 
nol + water vapor and reformed gases by employing 
turn-back passages. The low-temperature shift reaction 

is porion 4a is constituted by flat plate elements provided 
with heat-transfer fins 27 rn the interior, and the inner 
side of the heat-transfer fin 27 is filled with a shift cata- 
lyst 38. The shift catalyst uses a Cu-Zn catalyst, a 
Fe203-Cr203 catalyst, or a Pd/AI203 catalyst, and car- 

20 bon monoxide and steam in reformed gases are con- 
verted to carbon dioxide and hydrogen by shift reaction 

(CO -t- H20 C02 + H2). 

25 The heat generated due to the shift reaction is trans- 
ferred to the upper and lower steam superheating por- 
tions 3 past the heat-transfer fins 27 and is used to 
superheat steam. To set the low-temperature shift reac- 
tion porion 4a to a suitable temperature, the number of 
30 stacked flat plate elements and the configuration (pitch 
and fin thickness) of the heat-transfer fin 27 are 
adjusted or the material of the partition plate 30 is 
changed to material with a thermal conductivity different 
from aluminum. When the low-temperature shift reac- 
ts tion porion 4a cannot be set to a suitable temperature 
with these methods, for example, when the temperature 
of the low-temperature shift reaction porion 4a is too 
high, the upper steam superheating portion 3 is 
removed and the low-temperature shift reaction porion 
40 4a is contacted directly with the evaporation portion. 

In the low-temperature shift reaction porion 4a, the 
temperature is reduced from the inlet to the outlet so 
that the shift reaction advances, as the reformed gases 
pass through the catalytic layer. To achieve temperature 
45 distribution such as this, the flow of the reformed gases 
and the flow of methanol and water vapor are opposite 
in direction, as shown in Fig. 1 1 . The outlet temperature 
of the shift reaction porion is set to a suitable tempera- 
ture (200 to 250 °C) for shift reaction by performing heat 
so exchange between the reformed gases and low-temper- 
ature (about 200 °C) steam. 

Fifth embodiment 

55 The constitution of the multilayer reforming portion 
of a fuel reforming apparatus according to a fifth embod- 
iment of this invention will now be described by Fig. 12. 
In the figure, reference numeral 4 denotes a multilayer 



13 



25 



EP 0 861 802 A2 



26 



reforming portion including turn-back passages. This 
multilayer reforming portion 4, as with the multilayer 
reforming portion 4 shown in Fig. 6, is constituted by an 
upper catalytic combustion portion 6a, a lower catalytic 
combustion portion 6b. a steam supply manrfold 18b for 5 
methanol and water, heat-transfer fins 27, a partition 
wail 30, reforming catalysts 33, combustion catalysts 
36, and a reformed-gas outlet manrfold 19b. In Fig. 12, 
the steam flow of methanol + water is represented by a 
solid line and the flow of reformed gases by a broken w 
line. 

In this embodiment, the multilayer reforming portion 
4 with turn-back passages is constituted by 6 layers 
(upper and lower pairs) of flat plate elements, and upper 
and lower pairs of flat plate elements are symmetrically 15 
disposed. Steam consisting of methanol and water is 
supplied from the steam supply manifold 18b to the 
uppermost layer and the lowermost layer of the multi- 
layer reforming portion 4, and the reformed gases are 
turned back in the stacked direction and flow from the 20 
two central layers of the multilayer reformation 4 to the 
reformed-gas outlet manifold 19b. With structure such 
as this, the flow of material and the flow of reformed 
gases become symmetrical as well. The heat generated 
in the combustion catalysts 36 is transferred to the 25 
reforming catalysts 33 through the heat-transfer fins 27 
and the partition plates 30. 

The uppermost layer and the lowermost layer of the 
multilayer reforming portion 4 are adjacent to the cata- 
lytic combustion portions 6a and 6b and highest in tern- 30 
perature among the layers of the multilayer reforming 
portion 4. By having many reforming reactions take 
place at the high-temperature uppermost and lower- 
most layers of the multilayer reforming portion 4, the 
generation of heat due to combustion of catalysts can 35 
be more effectively utilized in the absorption of heat in * 
the reforming reaction. Additionally, by causing 
reformed gases to emerge from the low-temperature 
center portion of the multilayer reforming portion 4 away 
from the catalytic combustion portions 6a and 6b, the 40 
CO concentration in the reformed gases is reduced. 

Sixth embodiment 

The constitution of a fuel reforming apparatus 45 
according to a sixth embodiment of this invention will 
now be described by Fig. 13. Fig. 13 is a schematic view 
showing the layout of a liquid feed heating portion, a CO 
oxidization portion, and an evaporation portion. In the 
figure, 5 is a multilayer CO oxidization portion provided so 
with turn-back passages, 2 an evaporation portion, and 
1 a liquid feed heating portion. The multilayer CO oxidi- 
zation portion 5 is constituted by stacking flat ptate ele- 
ments provided with turn-back passages for reformed 
gases. In Fig. 13, a solid line represents a flow of meth- 55 
anol and water and a broken line a flow of reformed 
gases. CO oxidization air is introduced into the reformed 
gases emerging from a shift reaction porion 4a. 



For the oxidization of the CO in the reformed gases 
there is a suitable temperature range in correspond- 
ence with the CO concentration, and the oxidization of 
high-concentration carbon monoxide (CO) requires high 
temperatures. Also, in order to achieve a CO concentra- 
tion of less than a few parts per million, low tempera- 
tures are required to suppress reverse shift reaction 

(H2 + C02 ~» CO + H20) 

by which the hydrogen and carbon dioxide in the 
reformed gases are converted to carbon monoxide and 
water. 

Therefore, from tests made by the inventors, if the 
temperature distribution of the multilayer CO oxidization 
portion 5 is set to about 240 °C at the inlet portion wfiich 
is high in CO concentration and about 1 10 °C at the out- 
let portion which is low in CO concentration, a CO con- 
centration of less than a few parts per million can be 
achieved. Also, if the inlet temperature of the multilayer 
CO oxidization portion is set to more than 250 °C. the 
greater part of oxygen for CO oxidization will be con- 
sumed for oxidization of hydrogen and therefore CO oxi- 
dization will not be performed. 

In this embodiment, the temperature distribution of 
the multilayer CO oxidization portion 5 is set to a suita- 
ble temperature range for CO oxidization, by arranging 
the inlet portion of the multilayer CO oxidization portion 
5 in proximity to the evaporation portion 2 and the outlet 
portion in proximity to the liquid feed heating portion 1 , 
as shown in Fig. 13. Additionally, at the inlet portion of 
the multilayer CO oxidization portion 5, the generation 
of heat due to CO oxidization is utilized for evaporation, 
and the temperature rise in the inlet portion due to the 
generation of heat is suppressed to less than 250 °C 

At the outlet portion of the murtilayer CO oxidization 
portion 5, by the heat exchange between reformed 
gases and liquid feed, the reformed gases are reduced 
down to a temperature (about 1 10 °C) near to the oper- 
ating temperature of a fuel cell and also the liquid feed 
is preheated. Thus, by positively having temperature 
distribution so that the inlet of the multilayer CO oxidiza- 
tion portion 5 is high in temperature and also the outlet 
is low in temperature, at the high-temperature inlet a 
reaction rate is increased, thereby promoting oxidization 
of high-concentration carbon monoxide, and at the low- 
temperature outlet the generation of carbon monoxide 
due to a reverse shift reaction is suppressed, thereby 
reducing the concentration of the carbon monoxide in 
the reformed gases. Thus, the murtilayer CO oxidization 
portion 5 with the temperature distribution is capable of 
even more effectively reducing CO concentration com- 
pared with isothermal CO oxidizing reactors. 

The sectional structure of the multilayer CO oxidiza- 
tion portion 5 with turn-back passages in this embodi- 
ment is shown in Fig. 14. In the figure, 25 is a CO 
oxidization catalyst and 27 a heat-transfer fin. In Fig. 14, 
an arrow of solid line represents a flow of reformed 
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gases. In the figure, to illustrate the flow of reformed 
gases, although some of the oxidization catalysts and 
heat-transfer fins have only been shown and other por- 
tions have been omitted, the CO oxidization catalysts 25 
and the heat-transfer fins 27 are provided on the entire 
surface of the effective reaction portion and on all flat 
plate elements in the stacked direction. 

The CO oxidization catalyst can employ catalysts, 
such as platinum in an alumina carrier, ruthenium, pal- 
ladium, and rhodium. As shown in Fig. 14, the multilayer 
CO oxidization portion in this embodiment is constituted 
by stacking a plurality of turn-back passages, which 
have heat-transfer fins 27 in the stacked direction. The 
inner side of the heat-transfer fin 27 is filled with a CO 
oxidization catalyst 25. Therefore, the generation of 
heat due to CO oxidization is transferred to the adjacent 
evaporation plate past the heat-transfer fins 27 and is 
utilized as heat necessary for evaporation. Additionally, 
by adjusting the number of stacked flat plate elements 
to obtain a suitable temperature distribution for CO oxi- 
dization, the CO concentration at the outlet can be 
reduced down to an allowable level of less than a few 
parts per million. 

Seventh embodiment 

The CO oxidization portion of another constitution 
of a fuel reforming apparatus according to a seventh 
embodiment of this invention will now be described by 
Fig. 15(a). Fig. -15(a) is a schematic view showing the 
layout of a liquid feed heating portion, a CO oxidization 
portion, heat conductors, heat insulators, and an evap- 
oration portion. In the figure, 5a, 5b, and 5c are CO oxi- 
dization portions. 2 is an evaporation portion, 1a and 1b 
are liquid feed heating portions, and 45 is a heat con- 
ductor (shown by hatching). In Fig. 15(a), a solid line 
represents a flow of methanol and water which are liq- 
uid feed, and a broken line represents a flow of 
reformed gases. 

in this embodiment, to have a smooth temperature 
distribution in the stacked direction of the CO oxidization 
portions 5a, 5b, and 5c and in the flow direction, the liq- 
uid feed heating portions 1a and 1b and the evaporation 
portion 2 are arranged between the multilayer ed CO 
oxidization portions 5a, 5b, and 5c, and also the flow of 
reformed gasses and the flow of liquid feed and steam 
are made opposite in direction at the boundary surface 
which promotes heat exchange. 

At the outlet of the CO oxidization portion 5a, it is 
necessary that the reformed gases perform heat 
exchange between the gases and the liquid feed and 
are reduced down to a temperature near to the operat- 
ing temperature of a fuel cell. For this reason, the heat 
conductor 45 is provided on the boundary between the 
liquid feed heating portion 1a and the CO oxidization 
portion 5a which is desired to promote heat exchange. 
On the other hand, to avoid the heat exchange between 
the liquid feed heating portion 1b which has been raised 



to a high temperature through heat exchange and the 
CO oxidization portion 5a, the heat insulator 46 is pro- 
vided on the boundary between the liquid feed heating 
portion 1 b and the CO oxidization portion 5a. 

s To promote the heat exchange between the pre- 

heated liquid feed heating portion 1b and the CO oxidi- 
zation portion 5b located just under the portion 1b, the 
heat conductor 45 is provided on the boundary. Thus, by 
alternately disposing the heat insulator 46 and the heat 

10 conductor 45 at the boundaries between the CO oxidi- 
zation portion 5a and the liquid feed heating portion 1 a, 
heat is transferred from above to under with better effi- 
ciency, thereby obtaining a smooth temperature distri- 
bution in the stacked direction of the CO oxidization 

is portion 5. 

Furthermore, to perform efficient heat exchange in 
the flow direction as well, the reformed gases and the 
liquid feed and steam are caused to flow in opposite 
directions at the boundary (heat conductor) where it is 

20 desired to promote heat exchange. On the other hand, 
at the boundary (heat insulator) where it is desired to 
avoid heat exchange, the reformed gases are caused to 
flow in parallel to the flow of the liquid feed and steam. 
Note that the heat conductor 45 provided on the bound- 

25 ary surface can employ partition plates with better ther- 
mal conductivity, such as an aluminum partition plate, 
an aluminum-alloy partition plate, and a copper partition 
plate. The heat insulator 46 provided on the boundary 
surface can employ a Teflon sheet, a stainless partition 

30 plate, or a metal member coated on the surface with an 
insulating resin. 

Fig. 15(b) shows the rough constitution of the CO 
oxidization portion. Without having a complicated con- 
stitution such as that shown in Fig. 15(a) and with the 

35 simplified constitution where a CO oxidization portion is 
constituted by two layers of turn-back passages and 
also a liquid feed heating portion and an evaporation 
portion are provided up and down, by providing the heat 
conductor 45 and the heat insulator 46 at boundary por- 

40 tions, a smooth temperature distribution can be 
obtained in the stacked direction of the CO oxidization 
portion. 

Eighth embodiment 

45 

A description will now be made of the air introduc- 
tion method of the CO oxidization portion 5 of a fuel 
reforming apparatus according to an eighth embodi- 
ment of this invention. Fig. 16 is a schematic view show- 
so ing the constitution of the CO oxidization portion 
provided with CO oxidization air dispersion plates. In the 
figure, 48a through 48c are reformed gas chambers, 
47a through 47c are CO oxidization air chambers, and 
49 is a dispersion plate. In Fig. 16. a solid line repre- 
ss sents a flow of CO oxidization air and a broken line a 
flow of reformed gases. 

The CO oxidization portion 5 in this embodiment is 
constituted by stacking reformed-gas chambers 48a 
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through 48c through which reformed gases flow mainly, 
CO oxidization air chambers 47a through 47c through 
which CO oxidization air flows mainly, and dispersion 
plates 49a through 49c by which reformed gases and air 
are mutually diffused through dispersion holes. 
Reformed gases are introduced into the reformed-gas 
chamber 48a of the CO oxidization portion 5, and air is 
introduced into the CO oxidization air chamber 47a. 

While reformed gases and air are being diffusely 
mixed with each other through the dispersion plate 49a, 
they are dispersedly supplied to the surface of the CO 
oxidization portion, and the CO in the reformed gases is 
oxidized by CO oxidization catalysts. The reformed 
gases flow in parallel to the flow of the CO oxidization 
air, and the CO oxidization air is supplied to the flow of 
the reformed gases, thereby making oxygen concentra- 
tion higher at the inlet of the CO oxidization portion 
which is high in CO concentration. The reformed gases 
flow upward at the manifold located at the end of the 
reformed-gas chamber 48a consisting of a flat plate ele- 
ment. At the inlet of the reformed-gas chamber 48b, the 
reformed gases are inverted and flow in the opposite 
direction to the reformed-gas chamber 48a. 

Air is inverted at the end of the flat plate element 
47a, then is turned back upward, and is mutually dif- 
fusely mixed with the reformed gases through the dis- 
persion plate 49b. Thus, since CO oxidization air turns 
back at the end of the flat plate element and is mutually 
diffusely mixed with the reformed gases at the adjacent 
surface through the dispersion plate, an oxygen con- 
centration distribution which becomes high in concen- 
tration at the inlet and low in concentration at the outlet 
is obtained in the flow direction of the reformed gases, 
thereby effectively oxidizing the CO that is contained in 
the reformed gases. 

While this embodiment has been described with 
respect to a method of dispersedly supplying CO oxidi- 
zation air into reformed gases, a description will herein- 
after be made of the relationship between the reformed 
gases and the temperature distribution of the CO oxidi- 
zation portion 5. As described in the seventh embodi- 
ment, the temperature distribution of the CO oxidization 
portion 5 is preferred to be high in temperature at the 
inlet and low in temperature at the outlet. 

If all air is premixed with the reformed gases before 
the reformed gases enter the CO oxidization portion 5 
and if the dispersed supply of air at the CO oxidization 
portion 5 is stopped, then the greater part of oxygen will 
be consumed at the inlet portion which is high in tem- 
perature and required oxygen for CO oxidization will be 
insufficient at the outlet portion, and consequently, the 
low concentration of the carbon monoxide (CO) in the 
reformed gases cannot be achieved. The oxygen that is 
consumed at the high -temperature inlet portion is more 
consumed in hydrogen oxidization than in carbon mon- 
oxide (CO) oxidization and therefore insufficient oxygen 
is causative of hydrogen loss. 

Therefore, in the CO oxidization portion 5 having 



temperature distribution, there is a need to disperse CO 
oxidization air more than that in isothermal reactors and 
to reliably supply CO oxidization air (oxygen) to the low- 
temperature outiet portion as weil. In the CO oxidization 

5 air amount distribution in a direction of flow, there is, for 
example, a method which supplies with a constant air 
ratio an air amount in accordance with a reaction rate 
corresponding to temperature by the temperature 
dependency of the reaction rate (Arrhenius' activation 

io energy). 

Alternatively, there is a method which sets a ratio of 
air to CO concentration so that the ratio is higher at an 
outlet than at an inlet in order to reliably supply oxygen 
onto the surface of a catalyst at a low-temperature outiet 

75 portion. For example, as shown in Fig. 17, there is 
another method which sets an oxygen concentration of 
10,000 ppm relative to a CO concentration of 5,000 ppm 
at the inlet of the CO oxidization portion (air ratio = 4) 
and sets an oxygen concentration of 1 00 ppm relative to 

20 a CO concentration of a few parts per million near the 
outlet of the CO oxidization portion (air ratio = 10 or 
more). 

The set flow-direction air amount distribution can be 
adjusted relatively easily by varying the hole diameter of 

25 the dispersion holes provided in the dispersion plate. 
The hole diameters of the dispersion holes are given 
distribution so that the diameters are reduced from the 
inlet of each of the CO oxidization portions of the disper- 
sion plates 49a through 49e to the outlet. The surface 

30 disposition of the dispersion holes is one where disper- 
sion holes are not closed by CO oxidization catalysts, as 
shown in the hole pattern of the dispersion plate of the 
catalytic combustion portion of the first embodiment 
(see Fig. 8). 

35 Thus, if this embodiment is applied to the air intro- 
duction portion of the CO oxidization portion, CO oxidi- 
zation air can be dispersedly supplied with reliability and 
also a suitable air ratio along the CO concentration in a 
direction of flow can be arbitrarily set by adjustment of 

40 dispersion holes, with simple structure compared with 
the conventional secondary air dispersion method pro- 
posed by BP S. incorporation and yet without compli- 
cated control of an amount of flow. 

45 Ninth embodiment 

The structures of the evaporation portion and the 
surface-division heat recovery portion of a fuel reform- 
ing apparatus according to a ninth embodiment of this 

so invention will now be described by Fig. 18. Fig. 18 is a 
perspective view schematically showing the structure of 
the surface-division heat recovery portion dividing the 
surface of a heat recovery portion into an evaporation 
catalytic combustion portion and a combustion gas heat 

55 recovery portion and also showing the structure of an 
evaporation portion. In the figure, 41 is a surface-divi- 
sion heat recovery portion, 42 a combustion gas heat 
recovery portion, 43 an evaporation catalytic combus- 



16 



31 



EP 0 861 802 A2 



32 



tion portion, 29 an evaporation portion, and 29a an 
evaporation surface. 

In Fig. 18, an arrow of solid line in the interior of the 
surface-division heat recovery portion represents a flow 
of air that is supplied to a catalytic combustion portion, 
and an arrow of broken line represents a flow of cell -Off- 
gases. An arrow of one-dotted chain line represents a 
flow of combustion gases, and along this arrow, the 
combustion gases generated in a catalytic combustion 
portion on an upstream side flow. Also, a flow of steam 
is represented by a large arrow on the surface of the 
evaporation surface 29a of the evaporation portion. 

The surface-division heat recovery portion 41 in this 
embodiment, as shown in Fig. 18, is divided within the 
surface into five parts. The 3/5 within the surface is 
assigned to the evaporation catalytic combustion por- 
tion 43, and the remaining 2/5 within the surface to the 
combustion gas heat recovery portion 42. The evapora- 
tion catalytic combustion portion 43 and the combustion 
gas heat recovery portion 43 are constituted by flat 
plate elements provided with heat-transfer fins in the 
interior. A seal portion is provided between the divided 
evaporation catalytic combustion portion 43 and com- 
bustion gas heat recovery portion 42, and respective 
combustion gases are merged at an outlet manifold. 

The combustion gases in the evaporation catalytic 
combustion portion flow through the combustion gas 
heat recovery portion 42, thereby recovering exhaust 
heat. Also, the merged combustion gases flow through 
another heat recovery portion located downstream of 
this, and low-temperature exhaust heat is recovered 
there. On the other hand, liquid feed is supplied to the 
evaporation portion and evaporated on the evaporation 
surface. For evaporation of liquid feed, it is known that a 
temperature suitable for evaporation varies with the kind 
of liquid (water, methanol, other alcohols, and alcoholic 
water solution). 

The surface-division heat recovery portion 41 in this 
embodiment, therefore, can set the area ratio of the 
evaporation catalytic combustion portion 43 and the 
combustion gas heat recovery portion 42 in correspond- 
ence with the kind of liquid feed so that evaporation tem- 
perature becomes a suitable temperature. In this 
embodiment, while a surface has been into five parts 
and the area ratio of the evaporation catalytic combus- 
tion portion 43 has been 3/5, it will suffice if in low-evap- 
oration-temperature liquid the area rate of the 
evaporation catalytic combustion portion 43 is reduced 
and in high -evaporation-temperature liquid the area rate 
of the evaporation catalytic combustion portion 43 is 
increased. 

Additionally, for the positional relationship of the 
steam flow in the evaporation portion to the evaporation 
catalytic combustion portion 43 and combustion gas 
heat recovery portion 42 of the surface-division heat 
recovery portion 41, as shown in Fig. 18, the evapora- 
tion catalytic combustion portions 43 and the combus- 
tion gas heat recovery portions 42 are disposed along 



the steam flow so that they appear alternately on the 
surface. With this disposition, the liquid drops, which do 
not sufficiently evaporate on the evaporation surface of 
the combustion gas heat recovery portion 42 by heat 
5 recovery alone, move onto the evaporation surface of 
the evaporation catalytic combustion portion 43 along 
the steam flow, and reliable evaporation is performed by 
combustion heat. 

io Tenth embodiment 

The structures of the evaporation portion, the sur- 
face-division heat recovery portion, and the CO oxidiza- 
tion portion of a fuel reforming apparatus according to a 

is tenth embodiment of this invention will now be 
described by Fig. 19. In this embodiment, liquid feed 
comprises methanol, and the evaporation portion has 
two-stage constitution so that methanol and water can 
be separately evaporated. Fig. 1 9 is a schematic view 

20 showing constitution where surface-division heat recov- 
ery portions are provided just under two stages of evap- 
oration portions (liquid feed evaporation portion and 
water evaporation portion) and also three stages of CO 
oxidization portions are provided between two stages of 

25 evaporation portions and on both sides of each evapo- 
ration portion. In the figure, 2a is a methanol (liquid.fuel) 
evaporation portion and 41a is a second stage surface- 
division heat recovery portion provided just under the 
methanol evaporation portion 2a. 2b is a water evapora- 

30 tion portion and 41 b is a first stage surface-division heat 
recovery portion provided just under the water evapora- 
tion portion 2b. 

Fig. 19 also shows the layout of other adjacent flat 
plate elements. In the stacked order of these flat plate 

35 elements, 1 is a liquid feed heating portion, 5c a CO oxi- 
dization portion of the third stage, 5b a CO oxidization 
portion of the second stage, 5a a CO oxidization portion 
of the first stage, 4a a shift reaction porion, 3 a steam 
superheating portion. The CO oxidization portion of the 

40 second stage, 5b, is stacked between the methanol (liq- 
uid fuel) evaporation portion 2a and the water evapora- 
tion portion 2b. The CO oxidization portion of the third 
stage, 5c, is stacked above the methanol (liquid, feed) 
evaporation portion 2a. The CO oxidization portion of 

45 the first stage, 5a, is stacked below the water evapora- 
tion portion 2b through the first stage surface-division 
heat recovery portion 41b. 

A description will hereinafter be made of the opera- 
tion of this embodiment. Methanol is supplied to the liq- 

so uid feed heating portion 1 separately from water, and 
after preheating, methanol is introduced into the metha- 
nol evaporation portion 2a. Then, the liquid methanol is 
dispersedly supplied within the flat plate of the methanol 
evaporation portion 2a and dropped, thereby performing 

55 even evaporation within the surface. Although the 
vaporization temperature of methanol is 65 °C, it has 
been found that a temperature of 100 °C is required in 
order to complete evaporation of methanol in a short 
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time, as a result of the measurements in which the 
inventors have dropped a liquid drop of methanol onto 
the evaporation surface and measured the time it takes 
the liquid drop to evaporate and disappear. 

To set the temperature of the methanol evaporation 
portion 2a to a suitable temperature for evaporation, a 
flat plate element having a function of supplying heat 
necessary for evaporation and also setting temperature 
necessary for evaporation becomes necessary. In this 
embodiment, an optimum methanol evaporation tem- 
perature is set, by providing the second stage surface- 
division heat recovery portion 41 a described in the ninth 
embodiment just under the methanol evaporation por- 
tion 2a and by adjusting the area ratio of the evaporation 
catalytic combustion portion and the combustion gas 
heat recovery portion. In Fig. 19, the surface is divided 
into 5 parts, and the evaporation catalytic combustion 
portion and the combustion gas heat recovery portion 
are distributed with a rate of 2:3. 

Additionally, within the surface, the combustion gas 
heat recovery portions and the evaporation catalytic 
combustion portions are alternately disposed so that 
methanol liquid drops, which do not sufficiently evapo- 
rate on the evaporation surface of the combustion gas 
heat recovery portion, move onto the evaporation sur- 
face of the evaporation catalytic combustion portion 43 
along the steam flow and that reliable evaporation is 
performed. The evaporated methanol passes through a 
steam manifold provided on the end of the flat plate and 
flows to the steam superheating portion 3. In this 
embodiment, water necessary for methanol steam 
reforming is supplied to the water evaporation portion 
2b separately from methanol. 

In methanol reformation systems associated with 
fuel cells, there is no need to supply water from the out- 
side of the system, because water is generated in the 
interior of a feel cell. By storing only methanol in a tank 
as liquid fuel, the capacity of the tank can be reduced. 
The water generated in a fuel cell has been preheated 
to near the operating temperature (80 °C) of the cell and 
therefore water, as it is, is supplied to the water evapo- 
ration portion 2b, and evaporation of water is performed. 

Although the vaporization temperature of water is 
100 °C, a temperature of 180 °C or more is required 
from the measurement of evaporation time made by the 
inventors. To set the temperature of the water evapora- 
tion portion 2b to a temperature suitable for evaporation 
of water, the first stage surface-division heat recovery 
portion 41b is provided just under the water evaporation 
portion 2b, as with the methanol evaporation portion. In 
Fig. 19, the area rate of the evaporation catalytic com- 
bustion portion and the combustion gas heat recovery 
portion is distributed to 3:2, the area rate of the evapo- 
ration catalytic combustion portion is increased com- 
pared with the second stage surface-division heat 
recovery portion 41a, and the evaporation temperature 
of water is set to 180 °C. 

The m— iber c* divisions and the area rate of the 



evaporation catalytic combustion portion and the com- 
bustion gas heat recovery portion are not limited to this 
embodiment but they may also be varied so that stable 
evaporation is obtained. In the in-surface disposrtion cf 

5 the surface-division heat recovery portion, the evapora- 
tion catalytic combustion portion and the combustion 
gas heat recovery portion are alternately disposed 
within the surface, and the evaporation surfaces of the 
combustion gas heat recovery portion and the evapora- 
te tion catalytic combustion portion alternately ippear 
along the flow of steam, thereby reliably evapora;-ng the 
remaining water drop. The evaporated steam ts mixed 
with methanol vapor at the steam manifold provided in 
the end of the flat plate element and is guided to the 

75 steam superheating portion 3. 

The CO oxidization portions 5a through 5c in this 
embodiment have three-stage constitution as shown in 
Fig. 1 9 and are provided between two stages of evapo- 
ration portions 2a and 2b and on both sides of each 

20 evaporation portion. The temperature distribution in the 
stacked direction is shown beside a constitution view of 
Fig. 19. The temperature of the shift reaction porion 4a 
is set to 250 °C by the heat exchange between it and the 
steam superheating portion 3. By employing the sur- 

25 face-division heat recovery portions 41b and 41a, the 
temperature of the water evaporation portion is set to 
180 °C and the temperature of the methanol evapora- 
tion portion to 100 °C. 

The reformed gases from the shift reaction porion 

so 4a through the CO oxidization portion 5a of the first 
stage, and the temperature distribution will be a temper- 
ature of 250 to 180 °C, if the temperatures of the shift 
reaction porion and the water evaporation portion are 
set to predetermined temperatures, as shown in Fig. 19. 

35 Thereafter, the reformed gases pass the CO oxidization 
portion 5b of the second stage. The temperature distri- 
bution here is also within a temperature of 180 to 100 °C 
between the temperatures of the water evaporation por- 
tion and the methanol evaporation portion. The 

40 reformed gases flow to the CO oxidization portion 5c of 
the third stage, and the temperature distribution here is 
also within a temperature of 100 to 60 °C. 

Thus, in the constitution of this embodiment, by 
two-stage structure comprising a methanol evaporation 

45 portion and a water evaporation portion, it becomes 
possible to set two different temperature levels utilizing 
the evaporation phenomena of liquid feed (methanol 
and water) of two kinds within a range of temperature 
suitable for CO oxidization, and consequently, the tem- 

50 perature range suitable for CO oxidization can be relia- 
bly put within the entire temperature distribution of the 
CO oxidization portion. Additionally, even when the flow 
amount of methanol or reformed gases was varied due 
to load variation, it would be possible to set a stable 

55 temperature distribution to the CO oxidization portion by 
the fact that two evaporation portions with a large ther- 
mal capacity exist interiorly of the CO oxidization por- 
tion. 
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In the aforementioned embodiments, while liquid 
feed have been described with water and alcohol, liquid 
feed may also be water and hydrocarbon. 

According to the present invention, flat plate ele- 
ments comprising a liquid feed heating portion, a CO 
oxidization portion, an evaporation portion, a heat 
recovery portion, a shift reaction porion, a steam super- 
heating portion, a reforming portion, and a catalytic 
combustion portion are formed integrally with one 
another, and the stacked order of the flat plate element 
is determined, thereby obtaining a continuous, smooth 
temperature distribution along the stacked direction. 
Accordingly, there are the advantages that efficient heat 
exchange can be performed between low-temperature 
liquid feed, superheated steam, combustion air, high- 
temperature reformed gases, and combustion gases 
through heat-transfer fins and also a stacked-direction 
temperature distribution suitable for the function of each 
flat plate element can be achieved. 

Also, since the liquid feed heating portion, CO oxidi- 
zation portion, evaporation portion, heat recovery por- 
tion, shift reaction porion, steam superheating portion, 
reforming portion, and catalytic combustion portion are 
formed integrally with one another, the effective heat 
exchange between the liquid feed and the reformed 
gases or combustion gases becomes possible and 
external heat exchangers are rendered unnecessary. 
Also, the entire apparatus can be made significantly 
compact. Furthermore, the flat plate elements having 
manifolds on the circumference and heat-transfer fins in 
the interior can be formed from an alloy, such as an alu- 
minum alloy, suitable for pressing and stamping. 
Accordingly, there is the advantage that a fuel reforming 
apparatus suitable for workability and mass production 
can be provided. 

According to the present invention, the catalytic 
combustion portion is divided into a plurality of portions 
and inserted between the reforming portion and the 
steam superheating portion, and the reforming portion 
is stacked in contact with the fuel chamber of the cata- 
lytic combustion portion. Accordingly, there are the 
advantages that stable supply of steam and stable 
superheating of steam can be reliably performed and 
also the heat of the catalytic combustion portion can be 
effectively transferred to the reforming portion. 

According to the present invention, the catalytic 
combustion portion is divided into a plurality of portions 
and inserted between the evaporation portion and the 
shift reaction porion, and the evaporation portion is 
stacked in contact with the fuel chamber of the catalytic 
combustion portion. Accordingly, there are the advan- 
tages that stable supply of steam and stable superheat- 
ing of steam can be reliably performed and also the heat 
of the catalytic combustion portion can be effectively 
transferred to the evaporation portion. 

According to the present invention, the heat recov- 
ery portion is divided into a plurality of portions and 
inserted between the evaporation portion and the CO 



oxidization portion. Accordingly, there are the advan- 
tages that stable supply of steam can be reliably per- 
formed and the CO oxidization portion can be 
maintained at a suitable temperature without the super- 

5 cooling of the CO oxidization portion. 

According to the present invention, the heat recov- 
ery portion is divided into a plurality of portions and 
inserted between the evaporation portion and the shift 
reaction porion. Accordingly, there are the advantages 

10 that stable supply of steam and stable superheating of 
steam can be reliably performed and the heat of the 
heat recovery portion can be effectively transferred to 
the evaporation portion. 

According to the present invention, the flat plate 

is elements comprising the catalytic combustion portion, 
reforming portion, steam superheating portion, heat 
recovery portion, shift reaction porion, CO oxidization 
portion, and liquid feed heating portion are stacked. 
Also, the reforming portion or the catalytic combustion 

20 portion is provided in the center of the stacked body, 
and the other flat plate elements are symmetrically dis- 
posed on the upper and lower layers of either the 
reforming portion or the catalytic combustion portion for 
reformation. Furthermore, adiabatic members are pro- 

25 vided on side surfaces of the stacked body. Accordingly, 
there is the advantage that the heat loss from upper.and 
lower surfaces and side surfaces can be reduced, v.- 

According to the present invention, the heat recov- 
ery portion, the CO oxidization portion, and the reform- 

30 ing portion are constituted by stacking flat plate 
elements provided with turn-back passages along the 
flows of the reformed gases and the combustion gases. 
Therefore, since an effective area for heat transfer and 
reaction can be enlarged, there is the advantage that 

35 the exhaust heat of combustion gases can be effectively 
utilized. Also, there is the advantage that the amount of 
catalysts necessary and enough for reaction are 
ensured so that reaction rate can be enhanced. 

In addition, in the reforming portion provided with 

40 turn-back passages, methanol and steam first flows to 
both end portions of the reforming portion adjacent to 
the high -temperature catalytic combustion portion, so 
that many reforming reactions take place at the high- 
temperature portion. Accordingly, there is the advan- 

45 tage that the generation of heat due to catalytic com- 
bustion can be more effectively utilized in the absorption 
of heat of the reforming reaction. The reformed gases 
flow out from the low-temperature central portion of the 
reforming portion. Accordingly, there is the advantage 

so that the CO concentration of the reformed gases can be 
reduced. 

According to the present invention, the CO oxidiza- 
tion portion has temperature distrbution which is high in 
temperature at the inlet and low in temperature at the 
55 outlet Accordingly, there are the advantages that reac- 
tion rate is increased at the high-temperature inlet, 
thereby promoting CO oxidization, and CO generation 
due to reverse shift reaction is suppressed at the low- 
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temperature outlet, thereby achieving a further reduc- 
tion in the CO concentration. 

In addition, at the boundary surface between 
reformed gases and liquid feed, a heat conductor or a 
heat insulator is provided in correspondence with flow, e 
With this, the liquid feed which has been raised to a high 
temperature through heat exchange can be prevented 
from again rising in temperature through the heat 
exchange between the liquid feed and the reformed 
gases. Accordingly, there is the advantage that the CO w 
oxidization portion can have an effective temperature 
distribution by promoting the heat exchange of the 
reformed gases. 

According to the present invention, in order to con- 
trol the CO oxidization air amount distribution in a direc- 75 
tion of flow, air dispersion plates wrth a plurality of 
dispersion holes are provided in the interior of the CO 
oxidization portion, thereby performing the mutual diffu- 
sion of air and reformed gases in a stacked direction. 
The gas passage amount distribution in the stacked 20 
direction is controlled by the configuration of the disper- 
sion hole and the resistance of a fluid passage leading 
to the dispersion hole. Accordingly, there are the advan- 
tages that air necessary for CO oxidization can be relia- 
bly supplied over the entire region of the CO oxidization 25 
portion in the direction of flow, and the CO concentra- 
tion in the reformed gases can be reduced to an allowa- 
ble level for fuel cells. 

According to the present invention, the surface of 
the heat recovery portion is divided into an evaporation 30 
catalytic combustion portion and a combustion gas heat 
recovery portion. Accordingly, there is the advantage 
that the exhaust heat of combustion gases can be effec- 
tively utilized in the evaporation of liquid feed. Also, the 
evaporation catalytic combustion portion and the com- 35 
bustion gas heat recovery portion are disposed so that 
they appear alternately on the surface along a flow of 
steam on the evaporation surface. Accordingly, there is 
the advantage that liquid feed can be stably evaporated 
with reliability. Additionally, since the combustion gases 40 
of an upstream catalytic combustion portion are collec- 
tively supplied to the combustion gas heat recovery por- 
tion, there is the advantage that effective heat recovery 
can be performed. 

According to the present invention, an evaporation 45 
temperature corresponding to liquid feed is set by vary- 
ing an area rate of the evaporation catalytic combustion 
portion and the combustion gas heat recovery portion in 
the surface-division heat recovery portion. Accordingly, 
there is the advantage that a suitable evaporation tern- so 
perature corresponding to the kind of liquid feed can be 
set. 

According to the present invention, the evaporation 
portion is constituted by two stages, a liquid feed evap- 
oration portion and a water evaporation portion. There- ss 
fore, a suitable evaporation temperature can be set to 
the respective portions, and evaporation of liquid fuel 
and water can be stably performed. Also, the CO oxidi- 



zation portion has three-stage structure and is provided 
between two stages of evaporation portions and on both 
sides of the two stages of evaporation portions. Accord- 
ingly, a temperature range suitable for CO oxidization 
can be reliably set within the entire temperature distribu- 
tion of the CO oxidization portion. Even when the flow 
amount was varied due to load variation, it would be 
possible to set a stable temperature distribution to the 
CO oxidization portion by the fact that two evaporation 
portions with a large thermal capacity exist interiorly of 
the CO oxidization portion. Additionally, there is the 
advantage that reformed gases with a low CO concen- 
tration can be stably supplied to fuel cells. 

According to the present invention, the area ratio of 
the evaporation catalytic combustion portion to the com- 
bustion gas heat recovery portion is reduced at a por- 
tion adjacent to the liquid feed evaporation portion 
where the evaporation temperature is low, and is 
increased at a portion adjacent to the water evaporation 
portion where the evaporation temperature is high. 
Accordingly, there are the advantages that an evapora- 
tion temperature suitable for respective liquids can be 
set. 

The invention is not limited to the embodiments 
described above. Rather, the various features and 
embodiments can readily be combined with each other 
resulting in further embodiments which are well within 
the scope of the invention. 

Claims 

1. A fuel reforming apparatus comprising elements 
which include: 

a liquid feed heating portion (1) for heating liq- 
uid feed which comprises water and alcohol or 
hydrocarbon; 

an evaporation portion (2) for evaporating the 
heated liquid feed to generate feed gases; 
a steam superheating portion (3) for super- 
heating the feed gases from an evaporation 
temperature to a reforming temperature; 
a reforming portion (4) for generating hydro- 
gen-rich reformed gases from the superheated 
feed gases by reforming catalysts (33); 
a catalytic combustion portion (6a, 6b) for sup- 
plying reforming heat to the reforming portion 
(4) and evaporation heat to the evaporation 
portion (2) and the steam superheating portion 
(3) by combustion of the catalysts; 
a shift reaction portion (4a) for reducing carbon 
monoxide (CO) contained in the reformed 
gases generated by the reforming portion (4); 
a CO oxidization portion (5) for reducing the 
CO contained in the reformed gases emerging 
from the shift portion (4a) by catalytic oxidiza- 
tion; and 

a heat recovery portion (7a, 7b) for using 
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exhaust heat of high-temperature combustion 
gases obtained by the combustion of the cata- 
lysts as heat sources for the steam superheat- 
ing portion (3) and the evaporation portion (2); 
characterized in that the elements are formed 
into flat plate elements made of a light alloy, the 
flat plate elements having a manifold (17 to 22) 
for performing intake and exhaust with respect 
to surroundings and also having heat-transfer 
fins (27) in the interior, 

and in that the elements are integrally stacked 
in close proximity to one another from a high- 
temperature side to a low-temperature side in 
the order of the catalytic combustion portion 
(6b), reforming portion (4), steam super-heat- 
ing portion (3), heat recovery portion (7b), shift 
portion (4a), evaporation portion (2), CO oxidi- 
zation portion (5) and liquid feed heating por- 
tion (1). 

2. The apparatus according to claim 1, 
characterized in that the catalytic combustion por- 
tion (6a t 6b) is divided into a plurality of portions 
and inserted between the reforming portion (4) and 
the steam superheating portion (3), 

and in that a fuel portion of the catalytic combustion 
portion (6a, 6b) and the reforming portion (4) are 
stacked in contact with each other. 

3. The apparatus according to claim 1 or 2, 
characterized in that the catalytic combustion por- 
tion (6a, 6b) is divided into a plurality of portions 
and inserted between the shift portion (4a) and the 
evaporation portion (2), 

and in that a fuel portion of the catalytic combustion 
portion (6a, 6b) and the evaporation portion (2) are 
stacked in contact with each other. 

4. The apparatus according to any of claims 1 to 3, 
characterized in that the heat recovery portion (7a, 
7b) is divided into a plurality of portions and 
inserted between the evaporation portion (2) and 
the CO oxidization portion (5), 

and in that the heat recovery portion (7a, 7b) and 
the evaporation portion (2) are stacked in contact 
with each other. 

5. The apparatus according to any of claims 1 to 4, 
characterized in that the heat recovery portion (7a, 
7b) is divided into a plurality of portions and 
inserted between the evaporation portion (2) and 
the shift portion (4a), 

and in that the heat recovery portion (7a, 7b) and 
the evaporation portion (2) are stacked in contact 
with each other. 

6. The apparatus according to any of claims 1 to 5, 
characterized in that, when stacking the flat plate 



elements of the catalytic combustion portion (6a, 
6b). reforming portion (4), steam superheating por- 
tion (3), heat recovery portion (7a, 7b), shift portion 
(4a), evaporation portion (2), CO oxidization portion 

5 (5), and liquid feed heating portion (1), at least one 

of the reforming portion (4) and the catalytic com- 
bustion portion (6a, 6b) is provided in the center of 
the stacked body, and the other flat plate elements 
are symmetrically disposed on the upper and lower 

10 layers of either the reforming portion (4) or the cat- 
alytic combustion portion (6a, 6b). 

7. The apparatus according to any of claims 1 to 5, 
characterized in that: 

15 

the CO oxidization portion (5), the reforming 
portion (4), and the shift portion (4a) are each 
constituted by a flat plate element having heat- 
transfer fins (27) fixed to the interior, each heat- 
20 transfer fin (27) being filled on the inner side 

with a CO oxidization catalyst (25), a reforma- 
tion catalyst (33), or a shift catalyst (38), 
in that the heat recovery portion (7a, 7b) and 
the steam superheating portion (3) are each 
25 constituted by a flat plate element having a 

combustion gas passage and a steam passage 
formed with the heat-transfer fins (27) alone; 
and in that the flat plate elements are stacked 
by providing at least one fluid turn-back pas- 
se? sage in a stacked direction of the flat plate ele- 
ments so that fluid, such as combustion gases, 
liquid feed steam, and reformed gases, turns 
back at an end of the flat plate element, when 
the fluid passes the inner side of each heat- 
35 transfer fin (27). 

8. The apparatus according to claim 7, 
characterized in that the CO oxidization portion (5) 
comprises flat plate elements provided with one or 

40 more turn-back passages, an evaporation portion 
(2) is provided in contact with the flat plate element 
of an inlet of the CO oxidization portion (5> into 
which the reformed gases flow, a liquid feed heating 
portion (1a) is provided in contact with the flat plate 

45 element of an outlet (5a) of the CO oxidization por- 
tion (5) from which the reformed gases flow out, a 
heat conductor (45) is provided on a boundary sur- 
face where the flows of the reformed gases and the 
liquid feed and steam become opposite flows, and a 

so heat insulator (46) is provided on a boundary sur- 
face where the flows of the reformed gases and the 
liquid feed and steam become parallel flows, 
thereby obtaining a temperature distribution which 
is high in temperature at the inlet portion (5a) and 

55 low in temperature at the outlet portion in the 
stacked direction of the CO oxidization portion (5) 
and in the directions of the reformed gases and the 
liquid feed and steam. 
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9. The apparatus according to claim 7, 
characterized in that the CO oxidization portion (5) 
dispersedly supplies CO oxidization air in corre- 
spondence wrth the CO concentration distribution 
along a direction of flow in the CO oxidization por- 5 
tion (5), by alternately stacking a plurality of turn- 
back passages of reformed-gas chambers (48a to 
48c) and CO oxidization air chambers (47a to 47c) 

so that the flows of the reformed gases and the CO 
oxidization air become parallel flows and also by 10 
providing a CO oxidization air dispersion plate (49a 
to 49e) with a plurality of dispersion holes (39, 39a) 
between flat plate elements of the reformed-gas 
chambers (48a to 48c) and the CO oxidization air 
chambers (47a to 47c) so that the air amount distri- 15 
bution in the stacked direction is controlled by the 
configuration of the dispersion holes (39, 39a) and 
the passage resistance of a fluid passage leading 
to the dispersion hole. 

20 

10. The apparatus according to any of claims 1 to 9, 
characterized in that a surface-division heat recov- 
ery portion (41), constituted by dividing a surface of 
the heat recovery portion into an evaporation cata- 
lyst combustion portion (43) and a combustion gas 25 
heat recovery portion (42), is provided in close 
proximity to an upper or lower portion of the evapo- 
ration portion (2), 

and in that the evaporation catalyst combustion por- 
tion (43) and the combustion gas heat recovery por- 30 
tion (42) are alternately disposed on the surface 
along a flow of steam on the evaporation surface of 
the evaporation portion (2). 

11. The apparatus according to claim 10, 35 
characterized in that an evaporation temperature 
corresponding to liquid feed is set by varying an 
area rate of the evaporation catalyst combustion 
portion (43) and the combustion gas heat recovery 
portion (42) in the surface-division heat recovery 40 
portion (41). 



are stacked between the liquid feed evapora- 
tion portion (2b) and the water evaporation por- 
tion (2a) and outside the liquid feed 
evaporation portion (2b) and the water evapo- 
ration portion, respectively. 

13. The apparatus according to claim 12, 

characterized in that an area ratio of the evapora- 
tion catalyst combustion portion (41a) to the com- 
bustion gas heat recovery portion (41b) is reduced 
at a portion adjacent to the liquid feed evaporation 
portion (2b) where the evaporation temperature is 
low, and is increased at a portion adjacent to the 
water evaporation portion (22a) where the evapora- 
tion temperature is high. 



12. The apparaatus according to claim 10 or 11 , 
characterized in that: 

45 

the evaporation portion (2) is constituted by two 
stages, a liquid feed evaporation portion (2b) 
and a water evaporation portion (2a); 
in that a surface-division heat recovery portion 
(41 ) is formed by dividing a surface of the heat so 
recovery portion into an evaporation catalyst 
combustion portion (41a) and a combustion 
gas heat recovery portion (41b); 
in that the liquid feed evaporation portion (2b) 
and the water evaporation portion (2a) are pro- 55 
vided in close proximity to the surface-division 
heat recovery portion (41a, 41b), respectively; 
and in that the CO oxidization portions (5a, 5b) 
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